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TECHNICAL REFERENCE 


phi^face; 


PREFACE 

The Technical Reference Manual contains detailed information on the; 
design and function of the Texas Instruments Professional Computer and 
is intended for use by software and hardware designers and otfeer 
technical persons. 

This manual is divided into six major sections: 

Section 1. Introduction - Provides a general descr ip t i on of Texas 
Instruments Professional Computer and identifies its various 
configurations, options, and accessories. This section also includes 
tables 1 i s t fng en vi r onmen t al requirements for the system. - ^ 

Section 2. System Hardware - Provides a detailed of each 
component of the system including specifications and interface 
information. This section also includes hardware programming data: such 
as coding tables, registers, and signal pin-outs. 

Section 3. Hardware Options - Provides a detailed description of the 
options available for the system. This section contains 
specifications, interface information, and hardware programming data 
such as coding tables, registers, and signal pin-outs. 

Section 4. Device Service Routines - Describes the ROM, gives 
interrupt vector lists, and a keyboard scan coding table. 

Section 5. Assembly Drawings and Lists of Materials - Include# 
detailed drawings for all field replaceable assemblies and op t i on fek A 
List of Materials, identifying all components " piece parts, 
accompanies each assembly drawing. "ji, .ti 

Section 6. Schematics and Logic Drawings - P r o v i de s^l%g i c d i ag r ams and 
schematics for each component and field replaceable assembly of the 
Texas Instruments Professional Computer. 

The appendixes provide reference information, such as definitions of 
all I/O addresses, and a complete memory map (covering the motherboard, 
all memory connected to the expansion bus, and the memory expansion 
bus). Also included are complete information on the character sets 
furnished with the computer and a breakdown of the power allocation 
between the various options and printed wiring boards. 
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Section 1 
INTRODUCTION 


1 . 1 SYSTEM COMPONENTS 

The basic Texas Instruments Professional Computer system consists of 
three major parts: the keyboard, the system unit (including the 
diskette drive), and a monochrome display unit. A general 
description of each is given in this section. The available options 
are also briefly descr-i~bed in this section. For more detailed 
information, refer to Section 2, **System Hardware", and to Section 3, 
"Hardware Options." 


1.1.1 Keyboard 

The low-profile keyboard is easy to use. The large, sculptured, 
typewri ter-like keys grouped on the main keyboard are used to enter 
alphanumeric data. The smaller numeric keypad on the right side of 
the keyboard can be used as a calculator. A five-key cluster between 
these two groups controls the display cursor movement. Twelve 
programmable function keys are arranged in three groups of four keys 
each across the top of the keyboard. 

Other keyboard features include: 


* A full-length tilt-bar, adjustable from S degrees to 15 
degrees . 

* The sculptured, low-profile keys, which comply with the 
European 30-millimeter (mm) home row height r egui remen t s . 

* Tactile-designed F and J keys, which help to locate the 
"home" position on the alphanumeric keys.' 

* A raised dot on the numeric keypad 5, indicating the center 
key . 

* A keyboard microprocessor , which converts keystrokes into 
character information and conducts keyboard diagnostics on 
every power-up. 
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1.1.2 System Unit 

The system unit is the heart of the computer. The basic 
configuration includes the central processing unit (CPU), the floppy 
disk controller (FDC), a parallel printer port, a power supply, a 
read-only memory (ROM), and 64K bytes (K = 1024) dynamic random- 
access memory (RAM). A cathode-ray tube (CRT) controller board is 
standard equipment. 

The system unit board is a 361.95 x 215.9-millimeter (mm) (14.25 x 
8.5-inch (in)) printed wiring board (PHB) mounted horizontally on the 
bottom of the system unit chassis. This board houses the 
mi croprocessor and control logic. It also supports an expansion bus 
with five card-edge connectors for option boards and another 
connector for a memory expansion option. 


The system unit power supply is a swi tching-type , 110-watt (H) unit 
with three output levels. It will sustain a system equipped with 
every combination of options. 


The 5 1/4-in diskette drive is a mass storage device for reading or 
writing data to a removable diskette. The Texas Instruments 
Professional Computer uses a double-density, modified frequency 
modulation (MFM) recording format. This format requires certified 
double-sided, dual-density, sof t -sec t ored 5 1/4-in diskettes. The 
data separation logic uses a phase-lock loop technique for 
reliability. The computer is equipped with one diskette drive, which 
can store approximately 320K bytes of data. 


1.1.3 Display Unit 

The display unit furnished with the Texas Instruments Professional 
Computer is a high-resolution (720 x 300 pixels), composite video, 
green phosphor monochrome unit. The standard CRT controller 
contained in the system unit supports eight intensity levels for the 
display. The display presents inf ormat i on ~in a 25-line'X 80-column 
alphanumeric format, which works well with the bit-mapped graphics 
option. The display unit is specially adapted to accomodate the 
horizontal scan rate of 19 200 lines per second . 


1.2 OPTIONAL COMPONENTS 

There are several options available for the Texas Instruments 
Professional Computer. These options include additional 320K-byte 
diskette drives, a Winchester disk drive, expansion memory boards 
(which can expand the system memory to 768K bytes), a synchronous- 
asynchronous communications board, internal modem boards, a graphics 
video controller board, and a high-resolution color display unit. A 
general description of each of these options is given in the 
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following paragraphs. If more detailed information is needed, refer 
to Section 3, Hardware Options. 


1.2.1 Diskette Drive 

One internal diskette drive is standard equipment for The Texas 
Instruments Professional Computer. Enough internal space is 
available to install either a second diskette drive or a Winchester 
disk drive. You can also install two external drives. 

Diskettes used with the Texas Instruments Professional Computer must 
be certified double-sided, dual-density, sof t -sec t or ed , 5 1/A-in 
di ske 1 1 es . 


1.2.2 Winxliester Disk Di^rve 

The Winchester disk drive and controller option is available in 5- or 
10-megabyte capacities. You can install the Winchester disk drive in 
the space set aside for the second diskette drive. 


1.2.3 Expansion Memory Boards 

The system unit board contains 64K bytes of dynamic RAM. Adding 
expansion RAM boards can increase the system memory to a total of 
768K bytes. First, use the expansion RAM option boards that plug 
into the memory connector on the motherboard. These boards are 
available in 64K-, 128K-, or 192K-byte capacities. After adding the 
192K-byte board (bringing the total to 256K bytes), further expansion 
requires that you add a 256K-byte board that plugs into the expansion 
bus. To reach the 768K-byte total, another 256K-byte board attaches 
(piggyback style) to the board on the expansion bus. 


1.2.4 Synchronous -Asynchronous Communications Board 

The synchronous-asynchronous communications (sync-async comm) board 
option allows either synchronous or asynchronous communications 
through an RS-232-C interface. The sync-async comm board supports 
asynchronous data rates from SO bits per second (bps) to 19 200 bps. 


1.2.5 Internal Modem Boards 

Two versions of the internal modem board option are available: a 
300-bps board providing Bell 103-compatible communication, and a 
300/1200-bps board providing Bell 212A-compat ible communications. 
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1.2.6 Graphics Video Controller Board 

The graphics video controller board option is available in either one 
or three planes. It provides a resolution of 720 horizontal by 300 
vertical picture elements (pixels). 


1.2.7 Color Display Unit 

The 13-in color display unit permits the display of high-resolution 
(720 X 300 pixels) colors. The standard CRT controller located on 
the system unit board supports eight colors for the unit, vhich 
presents information in a 25-line x 80-column format. Used with the 
graphics video controller board option, the color display unit 
produces high-quality raster and character graphics. 


1.3 ENVIRONMENTAL CONDITIONS 

The next four tables list environmental conditions for the Texas 
Instruments Professional Computer. Table 1-1 lists the storage 
conditions for a standard system. (Storage assumes that the system 
is enclosed in the shipping container.) Table 1-2 lists the 
operating conditions for a standard system. Table 1-3 lists the 
storage conditions for a system that includes a Winchester disJc. 
Table 1-4 lists the operating conditions for a system that includes a 
Winchester disk. 


Table 1-1 Storage Conditions, Standard System 


Temperature 


Relative humidity 
Shock 


Vi bra t i on 


A1 1 i t ude 


-30 c to ♦yo c 

(50 C maximum for diskette) 

10% to 90%, no condensation 

30 Gs , half-sinusoidal pulse with 
30 ms Juration along ,X and Y axes 
20 Gs , half-sinusoidal pulse with 
30 ms duration along Z axis. 

Sinusoidal, 5 to 250 Hz linear 
sweep at 1 octave/minute with 
0.50 input. Dwell 15 minutes at 
resonant points (2X input level.) 

45 000 feet maximum 
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Table 1-2 Operating Conditions, Standard System 


Temperature ♦10 C to +4.0 C with gradient 

less than 10 C per hour 

Relative humidity 20% to 80%, no condensation 

Shock 5 6s, half-sinusoidal pulse with 

10 ms duration along any of the 
three perpend i cular axes. 

Vibration 0.5 Gs peak accellerat i on in the 

range of 5 to 250 Hz, linear sweep 
at 1 octave/minute. 


Altitude 10 000 feet maximum 


NOTE 

Derate the upper limit of the operating 
temperature by 1 C for every 1000 feet above the 
first 500 feet. 


Table 1-3 Storage Conditions, System with Winchester Disk 


Temperat ure 


-30 C to +60 C with gradient 
less than 10 C per hour 


Relative humidity 
Shock 


20% to 80%, no condensation 

30 Gs , half-sinusoidal pulse with 
11 ms duration. 


Vibrat i on 


20 Gs, half -sinusoidal pulse with 
11 ms duration. 


Altitude 


30 000 feet maximum 
10 000 feet unpressurized 
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Table 1-4 Operating Conditions, 

Temperature 

Relative humidity 
Shock 

Vibrat i on 

Altitude 


System with Winchester Disk 


+10 C to +40 C with gradient 
less than 10 C per hour 

20% to 80%, no condensation 

5 Gs , half-sinusoidal pulse with 
10 ms duration along any of the 
three perpend i cular axes. 

0.5 Gs peak acceleration in the 
range of S to 250 Hz, linear sweep 
at 1 octave/minute. 

10 000 feet maximum 


NOTE 

Derate the upper limit of the operating 
temperature by 1 C for every 1000 feet above the 
first 500 feet. 
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Section 2 
SYSTEM HARDWARE 


2,1 INTRODUCTION 

This section describes the design and functions of the hardware in 
the standard Texas Instruments Professional Computer system. 
Hardware described in this section includes the keyboard^ the system 
unit board and its two-^logical subd i vi s i ons , and the display unit. 
Figure 2-1 is a block diagram of the system showing the separate 
hardware components, including some options. The option hardware is 
described in Section 3, '^Hardware Options.** 
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PARALLEL PRINTER SERIAL PRINTER MODEM CABLE 

CABLE (OPTION) CABLE (OPTION) lOPTION) 



2223216-1 


Figure 2-1 


System Block Diagram 


2-2 




TECHNICAL REFERENCE 


SYSTEM HARDWARE 


2 . 2 KEYBOARD 

The electronic functions of the keyboard include: 

* Scanning the key matrix and encoding keys depressed by the 
operator 

* Transmitting data to the system unit 

* Receiving and responding to commands from the system unit 

* Implementing a sof tware-svi tchable repea t -ac t i on function 


* Performing n-key rollover 

* Locking/unlocking the keyboard 

* Performing a self-test 


2.2.1 Encoding Keystrokes 

( 

The encoder scans the keyswitch matrix, detects valid keysvitch state 
changes, looks up the proper key code, and transmits the keycode as 
part of an 11-bit stream to the system unit. Each key causes either 
1 or 2 bytes to be transmitted, based on the status of the SHIFT, 
ALT, CAPS LOCK, and CTRL keys. For specific details on byte 
definitions, refer to subsection 4.12. 

Some user-programming of the function keys is possible at the 
application level. See the paragraph in Section 2 entitled, "Custom 
Encoding . " 


2.2.2 Transmission 

The keyboard transmits data to the system unit at 2440 baud jn l.SO 
percent. The keyboard transmits when one of the following conditions 
i s me t : 


* When a valid key depression has been detected 


* When a system command is understood and acted upon 


When the user presses a key, the keyboard 
proper keycode byte . or bytes across 
Keycodes are explained in detail in 
"Keyboard DSR." Pressing some keys 
transmi ssions . 


responds by sending the 
the keyboard transmit line, 
subsection 4.12 entitled 
can signal r epea t -ac t i on 
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2.2.3 Receiving and Responding to System Unit Commands 

The system unit transmits to the keyboard at 30S baud +. 1.50 percent. 
To respond to a system unit command, the keyboard transmits a 
response code to the system unit, indicating that the required action 
has been taken. The keyboard responds to every valid command. For 
certain conditions, such as parity errors, unknown commands, and 
start bit errors, the keyboard ingores the system unit commands and 
sends no response. If this happens, the system unit retries the 
command . 

System unit commands and keyboard responses are listed, in 
hexadecimal form, in Table 2-1. In this table, the "Command Code" 
column lists the codes sent to the keyboard. The "Keyboard Response" 
column lists the code returned by the keyboard microprocessor . 
Typically,' the microprocessor returns Self-test OK (code 70) to the 
system unit (except in the case of a failure during self-test). 


MOTE 

Throughout this manual, the symbol H denotes a 
hexadecimal address or value. 
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Table 2-1 

Keyboar d 

Commands and 

Responses 


Command 

Keyboard 


Sy s t em Un i t 

Code 

Response 

Response 

Command 

(H) 

(H) 

Mean i ng 

Perform a power-up 




self-test and install 




default parame t er s 

00* 

70 

Self-test OK 



71 

Keyboard ROM error 



72 

Keyboard RAM error 

Turn repeat action OH 

01* 

70 

Self-test OK 

Turn reoeat action OFF 

02 

70 

Self-test OK 

Lock keyboard 

03 

70 

Self-test OK 

Unlock keyboard 

04^ 

70 

Self-test OK 

Turn keyclick ON. 

05** 

70 

Self-test OK 

Turn keyclick OFF 

06** 

7 0 

Self-test OK 

Reset (same as 00) 

07 

70 

Self-test OK 



71 

Keyboard ROM error 



72 

Keyboard RAM error 

Return version 

08 

70,73 

(2-byte code) 


(of keyboard ROM). 

* Indicates default values. 

** Keyclick requires a hardware modification. 
It is not presently supported. 
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2.2.4 Implementing a Sof tware-Swi t chable Repea t -Ac t i on Function 

A repea t -ac t i on key is one that automatically repeats when depressed 
for one-half second (s) or longer. As long as the key is held down, 
repea t -ac t i on transmissions from the keyboard to the system unit 
continue at a rate of 15 per second. 


2.2.5 Performing n-Key Rollover 

Repeat -ac t i on interacts with n-key rollover in the following manner. 
Pressing more than one nonmode key does not cause repeat -ac t i on . 
Instead, the most recent key pressed transmits to the system unit. 
When repeat -ac t i on is enabled and one key is pressed, that key is 
acted upon by the repeat -act ion function. The following examples 
clarify the relationship between rollover, repeat-action, and mode 
byte changes. 


Example 1: 


Assume that the following sequence of events occurs: 


1. Mo mode bits are on. 

2. The a key is depressed and held down for more than one-half 
second. 

3. The b key is depressed. 

4. The SHIFT key is depressed. (The SHIFT key can be held or 
released without altering the characters transmitted to the 
system unit.) 

5. The b key is released. 

6. The a key has not yet been released. 


The result transmitted to the system unit and displayed is: 
aaaaaaaaaaaaaabaaaaaaaaaaa . . . 
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Example 2: 


Assume that the following sequence of events occurs: 


1. No mode bits are on. 

2. The a key is depressed and held down for more than one-half 
second . 

3. The SHIFT key is depressed and held. 

4. The b key is depressed. (At this point, the SHIFT key can 
be held or released without altering the characters 
transmitted to the system unit.) 

5. The b key is released. 

6. The a key has not yet been released. 

The result transmitted to the system unit and displayed is: 

aaaaaaaaaaaaaaBAAAAAAAAAAA . . . 


2.2.6 Locking/Unlocking the Keyboard 

At certain times during system operation, the keyboard locks. During 
these times, all normal functions of the keyboard are suspended. 
That is, the keyboard does not scan, encode, or transmit data to the 
system unit. The keyboard locks if: 


* The self-test is in progress. 

* The self-test fails. 

* The keyboard receives the LOCK KEYBOARD command. 

The keyboard remains locked until one of the following conditions 
occurs : 


* The self-test successfully completes. 

* The keyboard receives the UNLOCK KEYBOARD command. 

2.2.7 Performing a Self-Test 

The keyboard performs a self-test when it receives code 00 from the 
system unit, interrupting any keyboard operation in progress. The 
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self-test completelx checks the keyboard system RAM and ROM, then 
transmits the results to the system unit using a code explained in 
paragraph 2.2.3, entitled "Receiving and Responding to System Unit 
Commands . " 


2.3 SYSTEM UNIT BOARD 

The system unit board, or motherboard, is the heart of the computer. 
It is mounted on the bottom of the system unit chassis. The 
motherboard is divided into two logical function areas, one for 
system support and one for the expansion bus. Refer to Section 5, 
drawing 222300S, for logic diagrams of the system unit board. Figure 
2-2 is a block diagram of the separate subsystems of the motherboard. 



Figure 2-2 Motherboard Block Diagram 
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2.4 SYSTEM SUPPORT 

That section of the motherboard dedicated to system support contains 
hardware and logic for the: 


* Keyboard port 

* System CPU (including mi croprocessor s , clocks, bus 

controllers, and buffers) 

* Motherboard input/output (I/O) system 

* Motherboard interrupt system 

* Motherboard memory system 

* FDC subsystem (including buffers, write precompensation, and 
diskette drive interface) 

* CRT controller 


2.4.1 Keyboard Port 

The Intel 8251A, a universal asynchronous recei ver-transmi t ter 
(UART) , is the port for serial data transmission between the 
motherboard and the keyboard. Data received by the UAHT always 
generates an interrupt to the interrupt controller. The transmit 
ready line does not generate an interrupt unless the transmitter in 
the UART is enabled. The keyboard port interrupt is ORed with the 
"interrupt request 7” line from the numeric coprocessor. 

An SN75189A line receiver with a slowdown capacitor conditions the 
receive data signal to protect the signal from transients. The 
receiver hysteresis is approximately 1 V centered around 1.4 V, which 
improves the noise immunity. Another SN75189A buffers the transmit 
data line, providing a good voltage swing and drive to the keyboard 
cable. This buffer consists internally of an output transistor with 
a 2-kilo ohms (kohms) pullup resistor. 

To improve diagnostics, the data set ready (DSR) line on the 
universal synchronous/asynchr onous receiver transmitter (USART) 
connects to the keyboard connector through a SN75189A buffer. The 
transmit data line connects to the DSR line at the keyboard, which 
allows detection of a disconnected or defective keyboard. 

The input clock to the transmit section is 19 531.25 Hz. The 8251 
divides this frequency by 64 to generate a baud rate of 305. The 
input clock for the receiver is 156 250 Hz. This frequency is 
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divided by 64 to generate a baud rate of 2441. Because these baud 
rates are close to the standard 300- and 2400-baud rates, system test 
instruments can simulate a Keyboard with standard equipment. 


2.4.2 System CPU 

The system CPU consists of an Intel 8088 16-bit microprocessor , the 
CPU clock circuits, several CPU bus buffers and latches, a CPU bus 
controller, and the reset circuit. A special socket on the 
motherboard makes it easy to add the optional Intel 8087 numeric data 
processor (also called a numeric coprocessor). 

The Intel mi croprocessors work together and, to attached components, 
appear to be a single chip. Therefore, the term CPU (as used in this 
manual) refer-s to both devices. 

2. 4. 2.1 Optional Numeric Coprocessor. The user can choose to add an 
8087 numeric coprocessor to the system unit board at any time. Once 
the 8087 is inserted into the socket provided, both the 8088 and the 
8087 decode the special escape instructions. The 8088 does any 
memory-access computations required and accesses the first byte of 
memory according to the instruction. The 8087 decodes the 
instruction, "catches” the memory address generated by the 8088, 
requests the bus from the 8088, and completes the required memory 
access. After finishing with the bus, the coprocessor releases it so 
that the 8088 can continue with the next instruction. If necessary, 
the 8088 sends a WAIT instruction to the 8087, ensuring their 
synchron i za t i on . 

2. 4. 2. 2 CPU Clock Generator. The CPU clock generator consists of an 
Intel-designed 8284, a crystal, and some discrete components. To 
generate the 5.0 MHz clock frequency, the 8284 divides the crystal 
frequency (15.0 MHz ^ 0.01 percent) by 3. The 8284 also contains 
logic to synchronize the WAIT- line from the expansion bus and memory 
subsystems with the RESET- line from the power-good circuit. 


MOTE 

Signal names followed by a dash, such as WAIT-, 
are active low signals. 


2. 4. 2. 3 CPU Bus Buffering. The CPU operates in the so-called 
"maximum" mode of this integrated circuit. (For additional 
information, see the Intel literature on the 8088 and 8087 
mi croprocessor s . ) The CPU uses a multiplexed address and data bus in 
order to reduce the number of pins required on the processor chip. 
For this reason, and to provide adequate buffering for the address 
and data lines on the expansion bus, a set of address latches (U5, 
U6 , U7 ) and a data bus buffer (U8) are an integral part of the CPU. 
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2. 4. 2. 4 CPU Bus Controller. The CPU bus controller chip (U3 8288) 
receives the status information from the processor and converts it 
into the lines MRDC- (memory read), AMHC- (advanced memory write), 
lORC- (I/O read), AIOWC- (advanced I/O write), INTA (interrupt 
acknowledge), DEN (data buffer enable), and DTR (data buffer 
direction control). 

A simple open-loop signature analysis (SA) arrangement is provided to 
check out the CPU. Connecting pins E17 and E18 (on the motherboard) 
with a jumper and resetting the system (power up) causes the 
processor to execute a OBFH opcode. The jumper disables the system 
data bus buffer U8 , and the pullup resistors in U66 pull the bus up 
to a high state. Transistor Q1 pulls down data line ADS to provide 
the "O" bit in the opcode. The segmented architecture then causes 
the processor to cycle from address FFFFOH through address FFFFFH and 
from OOOOOH through OFFFOH during the SA loop. 


NOTE 

The symbol **H** denotes a hexadecimal address or 
value . 


2. 4. 2. 5 Reset Detection Circuit. The power-good (reset detection) 
circuit discovers insufficient power conditions on the motherboard by 
monitoring the 12-volt (V) power line. Hhen the power drops, but 
does not shut down completely, this circuit causes an automatic 
restart. If the voltage falls to approximately 11 Vdc, a 
res i s t or/capaci t or combination and a voltage- comparator with 
transistor inverter hold the RESET line true for at least 3 
milliseconds (ms). 


2.4.3 Motherboard Input/Output System 

The motherboard input/output (I/O) system decodes the i/6 addresses 
for all the devices on the board. The input buffer and the various 
output latches are also components of the I/O system. Table 2-2 
shows a map of the motherboard I/O addresses. 

The various I/O devices have available 16 I/O address bits. Only 10 
of these bits, a total of 1024 bytes, are decoded. Beginning at 
address OOOH, the motherboard uses 48 bytes of this space. This 
leaves 976 bytes available for the expansion bus. 

Table 2-2 lists the motherboard devices that are decoded and their 
addresses within the CPU I/O space. Appendix A provides a complete 
map of all system I/O addresses. 
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Hex 

Address 


00000 


00001 


00002 

00003 


00004 


Table 2-2 Map of the Motherboard I/O Addresses 


Device 


Bi t/Use 


U47 Latch 


U48 Input buffer 


0 Speaker timer enable 

1 Timer 1 interrupt enable 

2 Timer 2 interrupt enable 

3 Single-density (FM) enable 

4 Track greater than 1/2 (TG43) 

5 Diskette side one enable (FSID-) 

6 Diskette mode control (Ml) 

7 Diskette mode control (MO) 

0 Option jumper E1-E2 

1 Option jumper E3-E4 

2 Option jumper ES-E6 

3 Parity interrupt pending 

4 Printer port BUSY 

5 Printer port paper out 

6 Printer port printer selected 

7 Printer port NO fault 


U49 Latch 
U50 Latch 


U51 Latch 


0-7 Printer port data outputs 

0 LED 1 OFF 

1 LED 2 OFF 

2 LED 3 OFF 

3 Parity interrupt 

4 Printer port not 

5 Printer port not 

6 Printer port not 


enable 
au t of eed 
strobe 
ini tialize 


7 

Printer - 

ACK interrupt 

enable 

0 

Di ske t 

t e 

drive 

SELECT 

1 

1 

Di ske t 

te 

drive 

SELECT 

2 

2 

Di ske t 

t e 

drive 

SELECT 

3 

3 

Di ske t 

te 

drive 

SELECT 

4 ' 

4 

Di sket 

t e 

drive 

MOTOR 

1 

5 

Di sket 

t e 

drive 

MOTOR 

2 

6 

Di ske t 

t e 

drive 

MOTOR 

3 

7 

Di sket 

t e 

drive 

MOTOR 

4 
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Table 2-2. Map of the Motherboard I/O Addresses (Concluded) 

Hex 

Address Device Bit/Use 


00005“ 

“OOOOF 

Reserved 




“ 

00010 


U44 

8251 

USART 


Data register 

00011 


U44 

8251 

USART 


Con t r ol 

register 

00012“ 

“00013 

Reserved 



“ 

“ 

00014 


U45 

8253 

t imer 


Coun ter 

0 

00015 


U45 

8253 

t imer 


Coun t er 

1 

00016 


U45 

8253 

t imer 


Coun t er 

2 

00017 


U45 

8253 

t imer 


Con t r ol 

regi s t er 

00018 


046 

8259A 

in t errupt 

con t roller 

“ 

“ 

00019 

— 

U46 

8259A 

in t er rupt 

con t roller 

“ 

“ 

00020 


FDC 

command register 

or RAM 

“ 

“ ' 

00021 


FDC 

t rack 

regi s t er 


“ 

“ 

00022 


FDC 

sector register 

or RAM reset 

“ 

“ 

00023 


FDC 

data 

register 


- 


00024“ 

“0002F 

Reserved 
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2. 4. 3.1 I/O Decoding. A combination of three integrated circuits 
(IC) does the I/O decoding. The first IC is a hard-array-logi c (HAL) 
device HAL12L6. The second is a 74LS138, which is a one-of-eight 
decoder. The third is one-half of a dual 74LS139, which is a one-of- 
four decoder. 

Table 2-3 gives the array logic device programming. When the logical 
AMD of terms from one row is OHed wi th the AMD of terms from another 
row in the same section, the output goes active if the result is 
true. Expressed in Boolean terms. 


lORQ = (XS2 X XSl X XSO X lORC) ♦ (XS2 x XSl X XSO X AlOWC) 


Table 2-3 Input/Output Signals - HAL12L6 Integrated Circuit 


Inpu t 



XS 2 

XSO 

XA 9 

XA 7 

XA 5 

lORC- 


Output 


XSl 

DEX 


XA8 

XA6 

XA 4 

AIOHC- 

Contmen t 




. 4. - 

, « 4, « - 

. 4 » « - 

. 4. - - 

. 4. - - 

. 4 - - - 

, 4 - - 

, 4 « 

. 4 - - 

. 4 - 

->4------ 


lEM- 

L 

L 

H 

L 

L 

L 

L 

L 

L 

• 

• 

« 

Read I/O 

or 

L 

H 

L 

L 

L 

L 

L 

L 

L 

• 

. 

• 

Write I/O 

or 

L 

L 

L 

L 

• 

« 


• 

• 

0 

• 


Interrupt acknowledge 

or 

• 

• 

« 

. 

. 

• 

• 


. 


L 

L 

Inactive term 

- - 


. 4 - - 

» - 4 » - - 

. 4. « - 

= 4. « - 

. 41 — - 

» 4, - - 

. 4 - - 

• 4 - - - 

.4 - - 

,4 - 



xcs- 

L 

L 

H 

e 

L 

L 

L 

L 

L 

H 

L 

C 

Read I/O at 74 LS 139 

or 

L 

H 

L 

• 

L 

L 

L 

L 

L 

H 

« 

L 

Write I/O at 74 LS 139 




. 4. - 


0 4. « - 

. 4. - - 

. 4. - - 

. 4. - 

. 4 

. 4 - - 

. 4 - - 

. 4 - 

-.4-. — - 


lORQ- 

L 

L 

H 


. 

. 

« 

• 

• 

« 

L 


Read I/O 

or 

L 

H 

L 



• 

• 

. 

• 

• 

• 

L 

Write I/O 




» 4. - 


. 4. - - 

. 4. - - 

. 4. - - 

. 4 - - 

. 4 -- 

0 4 - - 

. 4 - - 

. 4 - 

-4 


FLCS- 

L 

L 

H 


L 

L 

L 

L 

H 

L 

• 

• 

Read diskette 

or 

L 

H 

L 


L 

L 

L 

L 

H 

L 

• 

« 

Write d i ske 1 1 e 



„ ,4 - 

.-4--- 

. 4, - - 

. 4. - - 

- 4. - - 

. 4 - 

p 4 — - 

. 4 - - 


» 4 * - 

- 4 --- 



YCS- 

L 

L 

H 


L 

L 

L 

L 

L 

L 

L 

• 

Read I/O at 74LS138 

or 

L 

H 

L 


L 

L 

L 

L 

L 

L 

4 > 

L 

Write I/O at 74LS138 



. 4. - 

------- 

- 4. - - 

. 4. - - 

. 4. - - 

- 4 - - 

- 4 - - 

. 4 - _ 

p 4 - - 

. 4 — 



xxxx- 

H 

• 

• 



• 

• 

• 

• 


« 

• 

Hal t 

or 

. 

L 

• 


• 


. 

• 

• 

« 

• 

• 


or 

• 


L 


• 

• 

« 

• 


• 

• 

• 


or 

. 

• 

• 

L 

• 

• 

• 

• 

• 

. 

• 

• 



- 4. - - 

• 4 * - 

• - 4 - - - 

. 4. - - 

- 4. — - 


. 4 - - 

. 4 - 

. 4 — - 

. 4 - - 

• > - 




Legend : 

L = Low 3 i gnal . 

H = High signal. 
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2.4.3. 2 Parallel Printer Port. Printers with Cen t r oni cs -conpa t ible 
interfaces use the parallel printer port. This port contains a 25- 
pin female, O-type connector. 

The basic signals are the output data lines from U44, the PTSTR- 
signal that strobes the data into the printer, and the PBUSY and 
PACK- lines, which indicate to the CPU the printer's readiness to 
receive a character. In regular printer operation, the PBUSY line 
goes high when the printer is not ready to receive a character and 
low when the printer can accept a character. The PACK- line goes low 
for a short time when the printer finishes with the current 
character. The rising edge of this line generates an interrupt when 
printer interrupts are enabled by the PTEN line. This interrupt is 
ORed with the "interrupt request 5" line on the expansion bus. 

The pin-o"ut of the port~is given in Table 2-4. Pin numbers for the 
36-pin printer connector (at the printer end of the cable) are given 
in parentheses. The extra lines are used for various control and 
status f unc t ions associated with the printer port. 
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Table 2-4. Printer Port Pin-Out 


{Signal {Return { Signal Name { Source 


19 {DATA STROBE- 


DATA 1 


Sys t em 


System 


S ignal 


{ Data is sampled when 
{ signal is low. 


Data output bi t . 


{ 3 { 20(21)* { DATA 2 


DATA 3 


5 {21(23) { DATA 4 


DATA 5 


I 7 


I 9 


1 22(25) ( DATA 6 
I ( DATA 7 
{23(27) { DATA 8 


Sys tern 


Sys tern 


Sys tern 


Sys tern 


Sys t em 


Sys tern 


Sys tern 



I 10 ( 


I ACKNOWLEDGE - 


Printer 


11 |24(29) I BUSY 


Printer 


PAGE END 


I Printer 


SLCT 

(ON LINE) 


I Printer 


} AUTO FEED- 


Sys tern 


115(32) { 


FAULT- 


Printer 


(16(31) |25(30) { INIT- 

I I I 


Sys tern 


Another character 
can be received. 


No data can be sent 
when signal is high. 


Printer is out of paper 
when signal is high. 


Printer is online 
when signal is high. 


Printer is to line feed 
on carriage return 
when signal is low. 


Indicates a fault 
when signal is low. 


Resets printer when 
signal is low. 


(17(36) (18(33) I SELECTION- { System j Always low. 

♦ - — — ♦ — - — - - — — — > — — — - — - — — - — — + 

* The numbers in parentheses are the pin numbers for the 36-pin 
Centronics-type connector. 
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2 . 4. . 3 . 3 Timers. The 8253-S coun t er/ 1 imer IC provides three separate 
timing units. In this system, one is used as a programmable speaker 
oscillator, and the other two are programmable interval timers. 

The speaker timer is clocked by a square wave of 1.25 MHz. Divisors 
up to 65 536 can generate output frequencies as low as 19 Hz. The 
high input frequency creates output tones that are more musically 
accurate. The speaker timer clock is internally gated with the 
speaker enable (SPKEN), an output of latch U47 . This signal allows 
the interruption of tones without a reprogramming of the timer. 

The second timer (Timer A) is used in sys t em- t iming applications and 
as a real-time clock. It generates an interrupt signal on the rising 
edge of the timer output when the enable line (address O bit 1) is 
set high. Toggling this line low resets the interrupt; holding this 
line low -disables the interrupt completely. The interrupt level is 
3. The input clock frequency to the timer is 625 kilohertz (kHz). A 
divisor of 62 500 generates a pulsewidth of 100 ms, while a divisor 
of 15 625 generates a pulsewidth of 25 ms. 

The third timer (Timer B) is used for special-purpose timing 
applications. It generates an interrupt on the rising edge of the 
timer output when the enable line (address 0 bit 2) is set high. 
Toggling this line low resets the interrupt; holding this line low 
disables the interrupt completely. This line is shared with the 
expansion interrupt line IR2 . The interrupt level is 2. The input 
clock f requcncy to this timer is 625 kHz . 

2. 4. 3. 4 Speaker Amplifier. The speaker timer output goes to an 
amplifier (LM 386) that drives the 8-ohm speaker, providing 
sufficient volume and allowing mixing of signals from external 
sources (option expansion cards). To mix other signals with this 
signal, connect any other signal source (such as the speech option 
board) to P12, the summing input. 


2.4.4 Motherboard Interrupt System 

The motherboard interrupt system can encode eight separate interrupts 
and vector the central processor to eight separate interrupt 
routines. A nonmaskable interrupt (NMl) (which produces the highest- 
priority interrupts) is also available. 

The majority of the interrupt logic is contained within the Intel 
8259A interrupt controller chip. The 8259A is programmed for level- 
sensitive input and is the master (only) interrupt controller. 
During the INTA cycle, the decoding logic array always enables the 
contents of the I/O data bus onto the system data bus. This 
information is the vector from the 8929A chip, and the system, 
therefore, requires only one controller. 

The 8259A chip assigns priority to the incoming interrupts, allows 
masking of interrupts, and provides the vector to the CPU during the 
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interrupt acknowledge (INTA) cycle. A series of OR gates and flip- 
flops permi t some interrupt levels to be shared, cause some inputs to 
be edge-tr iggered , and cause others to be 1 e vel - t r i gger ed . 

The interrupts that come from the expansion bus are active high and 
are, therefore, terminated with a 4.7~kohm pulldown resistor to 
ground. All the pulled’-down inputs are connectied to the 8259A chip, 
either directly or through a CMOS OR gate. This connection prevents 
the gate input current from raising the input voltage above the legal 
•*low'* level through the pulldown resistor. 


CAUTION 

Even though the system is protected, programmers 
_and designers^ using interrupts on the expansion 
Bus should be sure to ••mask off’* unused interrupt 
lines as a matter of good programming practice. 


The NMI detects parity errors on the motherboard RAM system. To 
generate this interrupt with software, set the DTR line on the 8251A 
USART. The RAM caa then be tested without par i t y~err or i n t er r up t i on . 

The interrupt levels and their expected uses are given in Table 2-5. 



Table 2-5 

Interrupt Level Assignments 

I n t errup t 

Bus Line 

Use 

NMI 

AOl 

System parity error, CRT interrupt 

IRO 

B04 

Communications port 1 

IRl 

B24 

Communications port 2 

IR2 

B25 

Communications port 3 
System board timer 2 

Local area net board buffer full/empty 

IR3 

na 

System board timer 1 (clock) 

XR4 

B23 

Communications port 4 

IR6 

B21 

Diskette drive, Winchester disk 

IR7 

na 

Keyboard, numeric coprocessor 


na s Not applicable. 
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2.4.5 Motherboard Memory System 

The memory system on the motherboard consists of 64K bytes (K = 1024) 
of dynamic RAM, up to 16K bytes of ROM, decoding logic to establish 
the addresses, and timing and refresh logic to operate the system. A 
connector and the necessary logic permit the addition of one of the 
expansion RAM boards. These boards are available in 64K-, 128K-, and 
192K-byte capacities. After adding the 192K-byte board (bringing the 
total to 256K bytes), further expansion requires the addition of a 
2S6K~byte board that plugs into the expansion bus. (This board and 
another memory expansion board are fully described in Section 3.) 

2. 4. 5.1 Motherboard Memory Addressing. The memory space of the 
processor devices used by the motherboard is given in Table 2-6. The 
balance of the system memory is given in Appendix B. 


Table 2-6 Motherboard Memory Map 


Address Device 


Dynamic RAM; 

OOOOO-OFFFF 
10000-lFFFF 
20000-2FFFF 
30000-3FFFF 

ROM Usage : 

FCOOO-FDFFF 8K ROM space, one wait state (XU62) 

FEOOO-FFFFF 8K system ROM, one vait state (U63) 


64K-bytes motherboard RAM 
64K-bytes expansion RAM board bank 1 
64K-bytes expansion RAM board bank 2 
64K-bytes expansion RAM board bank 3 
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2. 4. 5. 2 Memory Control Logic, A bi di r ec t i onal buffer (U6I) 
separates the main system data bus from the motherboard expansion 
memory, thereby providing sufficient drive and margin to the data 
transfers, U28, the memory hard array logic chip HAL16R4, in 
combination with U53, the 74LS139 decoder, handles decoding and 
timing for the ROMs, Because ROMs and EPROMs (erasable programmable 
read-only memories) are generally slow devices, a wait state is added 
to all accesses to these devices. 

The ROM access times are listed in Table 2-7. 


Table 2-7 ROM Access Times 

Time Required 

Function (in Nanoseconds) 


CS-ROM access 410 

ROM address access 577 


I/O Wait States , The HAL chip also contains the logic to add a wait 
state to all I/O accesses made by the CPU. The wait state is 
necessary because many of the I/O devices operate too slowly when the 
system buffer and setup and decode times are included. With the wait 
state, the control lines are active for approxima t ely 600 nanoseconds 
(ns) . 

Memory Refresh Logic . The RAM refresh logic operates synchronously 
with the accesses to the RAM memory. Refresh cycles begin only when 
a RAM memory cycle is not in progress. This implies that the RAM 
refresh can occur at the same time as accesses to other system memory 
(ROMs) or I/O space. Each time a refresh cycle begins, a refresh 
timer (one-shot U29) starts. When it times out, it provides the 
signal to begin another refresh cycle. This timer is set to 15 
microseconds (us) maximum, which allows for the worst-case refresh- 
request latency. To maintain the contents of the RAM under worst- 
case conditions, the refresh must occur at least 128 times within 2 
ms. (The average refresh timing is once per 15.625 us). The worst- 
case latency for a refresh request is about 600 ns. 

Once a refresh cycle has begun, it must be completed (including the 
precharge) before the next cycle begins. If a RAM access cycle 
starts before the refresh cycle completes, the HAL state machine puts 
the CPU into a w^ait state until the refresh operation completes. In 
the worst case, this delay could extend the normal memory access time 
by four wait states, or 800 ns. 

Assuming a refresh timer value of 14 us and an average 600-ns 
slowdown of the CPU, the refresh overhead is approxima t ely 4,3 
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percent average or 5.7 percent worst case. 

2. 4. 5. 3 CAS and Address Multiplexer Switch. A delay line from the 
RASI- (row address strobe input) line produces the SHM (the address 
multiplexer control). SHM ensures an adequate row address hold time 
(40 ns) and still operates the RAM quickly enough to finish the 
access within the system cycle time. 

The CASI- (column address strobe input) timing depends' on whether the 
cycle is a read or a write. If the cycle is a read, the CASI- signal 
is taken from the delay line 20 ns after the SHM signal to produce 
the ACAS- (advance column address strobe). ACAS- ensures an adequate 
column address setup time to the RAM and still gives fast RAM access. 
If the cycle is a write, then the CASI- signal is taken from the 
falling edge of the system clock, which is about 150 ns after the 
occurrence of RASI-. This delay allows time for the data from the 
processor- to propagate -through the data buffers and the parity 
generator chip (U31 74LS280). 

To control the generation of the CASI- pulse, flip-flop U33 is timed 
with CLK- (the system clock), samples the delay line (ACAS-), and is 
reset by MRDC- (the memory read signal). The output of the flip-flop 
is then logically ANDed (U34) with the ACAS- signal to generate the 
actual CASI- signal. To prevent the generation of a CASI- pulse 
during refresh, the refresh row address strobe (RRAS-) line holds 
flip-flop U33 in the preset state during a refresh. This forces the 
output of OR gate U34 (CASI-) to a high level. 

2. 4. 5. 4 Parity Generation and Checking. The parity 
generator/checker chip (74LS280) generates a "1” to the parity RAM 
bit whenever there is an even number of I's in the data byte being 
written. The parity RAM chip has a separate data- bus to drive the 
output line. A pullup resistor holds this line high when it is not 
driving the output (as in a write cycle). The parity data is then 
taken from the **odd sum” output of the parity generator and used to 
write to the RAM . 

This method of parity checking does not cause a parity error when the 
system attempts to read from nonexistent RAM. (To determine the size 
of system memory, the system software sometimes "feels” for memory 
not present . ) 

When the RAM is read,, all of the data bits and the parity bit are 
presented to the generator/checker and the parity output is sampled 
at the end of the read cycle. If parity checking is enabled and 
discovers a parity error, flip-flop U33 is set to interrupt the CPU. 
Once set, this flip-flop must be reset by software before additional 
interrupts can be given. If the enable bit (address 3 bit 3) is held 
low, then no parity interrupts (PINT) are generated. To di s t i ngui sh 
the parity interrupt from other NMIs, the PINT line is fed to U48 
(address 1 bit 3) and can be tested by software. 
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2. 4. 5. 5 Memory Control State Machine. A hard array logic device 
(HAL16R4 U28), set up as a state machine, drives the memory control. 
This device has four outputs equipped with a set of clocked flip- 
flops and four outputs that are direct combinations of the inputs. 
The AND of the terms on a line ORed with the AND of terms on other 
lines results in low-going outputs. This occurs either directly, on 
those outputs without registers, or after the clock on those outputs 
with regi s t er s . 

The signal RASI- activates RAS- out of the AM2964B RAM address 
multiplexer. The signal XHAIT- puts the processor into a wait state. 
The signal MOEN- activates the motherboard memory system data buffer. 
The signal RMSEL- selects access to the ROMs. The signal RFSH- 
instructs the AM2964B address multiplexer to put out the ref r esh 
address. The signal RRAS- indicates that a refresh RAS is in 
progress. The signal _SY- (used internally to the HAL) indicates 
refresh stdtes. The signal SX- (used internally to the HAL) cuts off 
the wait state to the CPU after one cycle. 

Table 2-8 gives the logic for the memory control state machine. 

A timing diagram of the memory system, shown in Figure 2-3, indicates 
the major operations of the memory system. 


2-23 



TECHNICAL REFERENCE 


SYSTEM HAROHARE 


Table 2-8 Memory Control State Machine Logic - HAL16R4 
Inpu t 


Ou tpu t 

RASI«» 

or 

or 

or 

XWAIT-* 

or 

or 

or 

or 

or 

or 

MDEN“^ 

or 

or 

or 

RMSEL« 

or 

or 


MRD~ XA18 RASI« RFSH« 

MWR- RMX- XHAIT- RRAS - 

RFRQ IORC« MDEN- SY- 

XA19 AIOHC- RMSEL“ SX- 

L.,LL H.H 


L L , 


L . o L . . . 

L . . L . . . 

» L . L . . » 

o L . L . . . 

« . . H H L . 

. . . . e - L 


• <0 a « * La 


La a H H L a a 

a L a H H L a a 

o a a a a a L L 


H H L 
H H L 


H a H 

L L a 

L L a 

- ~ 4- - + - 

L 

L 


. 4. « 4. 

H 


4 -- 4 -- 4 »- 4 -- 4 -- 4 -- 4 * 


L 


H 

H 

H 


Common t 

Memory read 
Memory write 
Refresh 

All other OR terms 

Refresh+read RFl ,2,3 
Refresh**-read RF3 , 4 
Refresh-»-write RFl ,2,3 
Refresh*^ write RF3 , 4 
ROM read/write 
I/O read 
I/O write 


H 


RAM read/write 
ROM read 
ROM write 

All other OR terms 


a a a a a a I# If a a 

>4a.4a»4>.4a»4>.4...4...4.a.«..4.«4..4.<.4a.4c.4..4<.-.4.«..-.»a-....<. 

The following four outputs have flip-flops 


ROM read 
ROM write 
All other OR 


terms 


------ 

-4a 

- 4a 

- 4a 

- 4 

- 4 

- 4 

- 4 

- 4 - 

- - 4 

- 4 

- 4 

- 4 

- 4- 

-4- 

- 4 - 

4 - 


RFSH- 

H 

H 

H 

a 


e 



a 

a 

a 

a 

a 

a 

H 

a 

Refresh RFl; no memory cycle 

or 

a 

a 

H 

H 

• 

• 



a 

a 

a 

a 

a 

a 

H 

a 

Refresh RFl ; no RAM cycle 

or 

a 

a 

a 

a 

« 

a 



a 

a 

a 


L 

a 

H 

a 

Refresh RF2 , 3 

or 

a 

a 

a 

0 

a 

a 



a 

a 

a 


L 

a 

H 

a 

All other OR terms 

------ 

- 4 . 

- 4a 

- 4a 

- 4- 

— 4 

— 4 

- 4- 

- 4 - 

- - 4 

- 4 

— 4 

- 4- 

- 4 

- 4 

- 4 - 

4- - 


RRAS- 

« 

a 

a 

a 

a 

a 



a 

a 

a 


L 

a 

a 

a 

Refresh RF2 , 3 , 4 

or 

a 

a 

a 

a 

a 

a 



a 

a 

a 


L 

a 

a 

a 

All other OR terms 



- 4a , 

- 4a , 

- 4 . . 

- 4- - 

- 4 , 

-4 

- 

— 4 — 

- - 4 

- 4" 

- 4 

- 4* 

- 4 - - 

- 4 ' 

- 4 - 

4* « 


SY- 

« 

a 

a 

0 

, 

a 



a 

a 

a 


L 

L 

a 

a 

Refresh RF3,4 

or 

a 

a 

a 

a 

a 

a 



a 

a 

a 


L 

L 

a 

a 

All other OR terms 



- 4 . , 

- 4a , 

- 4 . . 

- 4 . 

- 4 

- 4- 

- 4- 

- 4 - 

4- 

— 4 

- 4 

- 4 

- 4 , 

- 4 

- 4 - 

4- - 


SX- 

L 

a 

a 

H 

H 

L 

• 


« 

a 

a 


a 

a 

a 

a 

ROM read wait cutoff 

or 

a 

L 

a 

H 

H 

L 

a 


a 

a 

a 


a 

a 

a 

a 

ROM write wait cutoff 

or 

a 

a 

a 

a 

a 

a 

L 

- 

a 

a 

a 


a 

a 


a 

I/O read wait cutoff 


or 

or 


L 

L 


I/O write wait cutoff 
All other OR terms 


.... 4 .« 4 .. 4 ... 4 .. 4 .«. 4 .. 4 .. 4 .. 

L - Low 5 i gnal . 

H - High signal. 


.4.-4. .4.. 4. -4a. 
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Figure 2-3 Memory System Timing Diagram 
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2.4.6 Floppy Disk Controller 

The floppy disk controller (FDC) section contains a floppy disk 
controller IC (FD1793-02), a floppy disk support logic IC (WD1691), 
and a pulse delay IC (WD2143), all made by Western Digital. The FDC 
also has a voltage-controlled oscillator (VCO) and one-half of a 
74LS221 one-shot. Two 2114 static RAMs , addressed by a CMOS 4040, 
act as a sector buffer, and a programmable array logic (PAL) IC 
decodes and controls operations. Miscellaneous logic handles signal 
timing and buffering. 

The logic described in this section includes : 

* Floppy disk controller IC 

* Sector buffer 

* Data write precompensation circuit 

* Data separator 

* Diskette drive interface 


2. 4. 6.1 Floppy Disk Controller IC. The Western Digital FD1793-02 
chip is the FDC IC. This IC does serial/parallel data conversion, 
locates sectors on the disk, seeks the diskette drive, and performs 
other high-level functions. A complete description of the FD1793-02 
chip can be found in the literature available from Western Digital. 
The 1.0-MHz controller input clock provides the correct data rate for 
standard 5 1/4-in diskettes. Because U20 divides the clock down from 
15.0 MHz, the duty cycle is 467 ns low, 533 ns high. 

2. 4. 6. 2 Sector Buffer. During read or write operations, data must 
be transmitted at a rate between 23 us per byte and 32 us per byte 
nominal (for double-density operation). A sector buffer, operating 
independently of the processor during a read or a write, ensures that 
the diskette drive performs properly. This buffer consists of: 

* A IK X 8 static RAM device 

* A counter (to address the RAM sequentially) 

* Control logic and a bus buffer (so that the CPU and the FDC 
can access the buffer) 
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Two bits (MO, Ml) in latch U47 control the basic operating modes of 
the sector buffer. These four modes are as follows: 

Latch U47 Bits 

MO Ml Mode 

1 1 FDC reads RAM and writes data to diskette. 

0 1 FOC reads diskette and writes data to RAM. 

0 0 CPU reads or writes RAM sequentially. 

1 0 CPU reads or writes the FDC directly. 

The counter that addresses the buffer increments automatically each 
time either the CPU or the FDC accesses the RAM. To set up a fixed 
starting address within the RAM, the CPU writes to the FDC sector 
register while the MO, Ml bits are set to 0, 0. This resets the 
address counter. The FDC is not affected because the CPU can access 
the FDC only in mode M0,-_M1. 

The PAL provides the control logic for the sector buffer, aided by a 
flip-flop that provides a l-us FDC clock-synchronized signal. The 
PAL uses this signal, derived from the FDC data request (DRQ) line, 
to generate the read or write command for the FDC when the sector 
buffer is in modes 1, 1 or 1, 0. The FDC activates the DRQ line when 
a sector write requires a byte or when a byte is ready in a sector 
read . 

This control logic and the CPU generate other signals to control the 
RAM and the counter. These signals are given in^ Table 2-9. The 
timing diagram in Figure 2-4 defines the usage of these signals. 
When the logical AND of terms from one row is ORed with the AMD of 
terms from another row, the output goes low when the result is true. 
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Table 2-9 Programming for the HAL 10 L 8 Device 
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2. 4. 6. 3 Write Precompensation Circuit. Using modified frequency 
modulation (MFM) to write certain double-density data patterns on 
magnetic media causes a "bit shift", requiring disk write 
precompensation. Compensating for the bit shift prevents the read 
data transitions from moving outside the detection range of the read 
circuitry. As track length shortens toward the center of the disk, 
data bits are stored closer together, so the bit shift problem gets 
worse. The ideal compensation gradually adjusts the write hardware 
as the track number increases. However, a compromise solution 
produces nearly the same results. The precompensation is turned off 
while the head is over the outer half of the disk, then turned on 
when the head is over the inner half of the disk. Disk drives can 
have either 40 or 80 tracks, so the software checks the type of drive 
installed, then determines the halfway point. For this reason, U47 
(rather than the FDC) controls the TG43 signal. (Halfway point for 
an 8-in diskette = TG43 track number greater than 43.) 

The write precompensation and data separator circuits are controlled 
by U14, R17, R18, and R19 on the motherboard. When the RDDATA- line 
(pin 11 Of U14) is high, it forces the PU and PD- outputs from the 
WD1691 to a tristate condition. R17 adjusts the PUMP line (pins 
13/14 of U14) voltage to 1.4 Vdc . R18 generates a square wave of 2.0 
MHz ± 5.0 percent from the VCO (pin 16 of U14) . The pulsewidth 
(monitored from pin 5 of U14) should be 750 ns, giving a write pulse 
width of 187.5 ns. The waveform is visible only when the computer is 
writing data to a diskette. 

R19 controls the write pulsewidth through U15 (the WD2143 IC) , 
determining the amount of precompensating bit shift. The 
precompensation pulsewidth (monitored from pin 1 of U15 during a 
write operation) should be set to approximately 200 ns. 

The FDC signals EARLY and LATE control the direction of bit shift. 
These signals cause WD1691 to select the appropriate tap along the 
WD2143 (adjustable delay line) for the bit pattern being written. If 
precompensat i on is not needed on outer tracks, the TG43 signal 
inhibits the precompensation process. 

Because single-density frequency modulation (FM) encoded data does 
not require precompensation, the FD1691 also disables the 
precompensation when the double-density enable signal (DDEN-) is 
inactive (high). 


2. 4. 6. 4 Data Separator. The data separator is composed of two 
parts: clock recovery and separation of the data from the clock . 
The actual separation of data from clock signals takes place in the 
FD1793-02 FDC, The WD1691 contains the digital circuits necessary to 
implement a phase-locked loop (PLL) , the VCO is a 74LS628 chip, and 
external components provide the loop filter. The one-shot U29 
shortens and stabilizes the pulsewidth of the incoming read pulses so 
that the PLL and data recovery operations operate properly during the 
lockup interval. 
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The PLL provides a continuous clock locked in a specific phase 
relationship with transitions in the incoming data. For this system, 
the falling edge of the RDDATA- signal should be nearly centered on 
the high or low pulse of the RCLK signal. 

Hhen the PLL is adjusted correctly, it locks to an incoming pulse 
train in a frequency range from 217 kHz to 294 kHz (♦. 15 percent) 
within 150 us. The pulses should be low-going, 2 us maximum applied 
to the RDDATA- input (P9 pin 30), and the DDEN- line must be low. 

Because of the analog nature of the PLL circuits, a linear regulator 
governs the power-supply voltage to the VCO and the loop filter. The 
regulator prevents digital noise on the 5-V supply from interfering 
with the PLL operation. 

The data separator works with either single-density (FM) or double- 
density (UFH) data. Tha_ choice is controlled by the DDEN- line. 

2. 4. 6. 5 Diskette Drive Interface. The diskette drives communicate 
through a series of buffers and receivers. Low-impedance ribbon 
cables connect the controller to the drive. P9 connects the internal 
diskette drives, and P13 connects the external drives. All signals 
driven by the controller (except for the SIDl- signal) have separate 
drivers for each connector. The receivers with their terminating 
pullup resistors are shared between the two connectors. 

Connector P9 interfaces with a 34-conductor ribbon cable that has two 
34-pin, card-edge connectors (one for each of the diskette drives 
that can be mounted inside the system unit chassis). There is always 
one diskette drive installed in the system unit, mounted on the left 
side (as viewed by a user). This drive should be strapped for SELECT 
on pin 10 (drive 0). Hhen only one drive is installed, the select 
line and all common lines except pin 32 (side select) should be 
terminated at the drive. 

If another drive is installed internally, it should be strapped for 
SELECT on pin 12 (drive 1) with only the select line terminated. 
With two drives installed, the terminating resistor must be installed 
on the right-hand drive (drive 1) only. 


NOTE 

The floppy disk controller and individual 
diskette drive logic signals assign drives using 
the convention of: DRIVE 0, DRIVE 1, DRIVE 2, 
and DRIVE 3 (for a four-drive system). The 
diagnostics diskette uses the convention: DRIVE 
1, DRIVE 2, DRIVE 3, and DRIVE 4 for a four-drive 
system. Operating systems may use yet another 
convention, such as DRIVE A, DRIVE B, DRIVE C, 
and DRIVE D. Be sure to use the correct drive 
designator . 
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Connector P13 interfaces with a 40-wire ribbon cable ending in a 37- 
pfn, D-type connector. The user mounts the mate to this connector on 
the back panel of the system unit chassis. When external drives are 
installed, all lines used must terminate at the external drive. 

All diskette drives must be of the same type. That is, all must be 
either 320K-byte drives (double-sided, 48 tracks per inch [tpi]) or 
all must be 640K-byte drives (double-sided, 96 tpi). A jumper from 
El to E2 selects 320K-byte drives; a jumper from E3 to E4 selects 
640K-byte drives. The absence of a jumper selects 160K-byte drives. 
A jumper can be on either E1-E2 or E3-E4, but not both. 

The diskette drives do not need head-load solenoids for proper 
operation. However, if the drives are equipped with head-load 
solenoids, they should be strapped for head load with the motor on. 

The signals STEP, OIRC>_HG, and HDOUT are buffered by the 74LS244 in 
order to drive the two standard 7416 loads. This buffer is necessary 
because the FD1793-02 and the HD1691 can drive only one TTL load. 
The input signals HRITEPROT-, INDEX-, TRKOO-, and RDDATA- are 
buffered by the 74LS244, providing more static protection than the 
MOS-device inputs, and a small amount of hysteresis. 

To install external diskette drives, a short cable assembly links the 
motherboard connector P13 with a 37-pin, d-type connector on the back 
of the system unit chassis. Section S contains the wiring assembly 
diagrams for this cable. (External diskette drives require an 
external power source.) 

Table 2-10 gives the pin-outs for the internal diskette drive 
connector on the motherboard. Table 2-11 gives the pin-outs for the 
external diskette drive connector on the motherboard. D-type 
connector pin numbers are given in parentheses. 
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Table 2-10 Internal Diskette Drive Connector Pin-Out 

4. 4- 4- 4- 4 .-4- 

I S i gnal I Re t urn I Signal Name | Source | Function | 

— - — — 4. — — 

I 2 I 1 I -- 1 HC* I I 

4. 4. .4 — 

I 4 I 3 I — I NC I -- I 

.-«4 .4--. 4 ^4-. 

I 6 I S I -- I MC I -- I 

4--- — 4.__-_-._4._ — ____-.____-_4. — _____4. 

1 8 I 7 j IMDEX- I Drive ) Indicates index hole | 

4- - + -• ---4.---- ,____4._ __4._________ ,____«_4. 

I 10 I 9 I SELECT 1- I System | Drive select 1 | 

I 12 f_. 11 I SELECT"_2- | System | Drive select 2 | 

4-- — - -- -4- 4^ ---4.- --4- 

I 14 I 13 I -- 1 MC I -- i 

I 16 I IS j MOTOR OH- | System | Drive motors ON | 

I 18 I 17 1 DIRECTION- | System ) Step IN/OUT direction | 

I 20 I 19 I STEP- I System | Step IM/OUT command | 

«4 4 « ,«4 — 

I 22 I 21 I WRITE DATA- | System | Serial data to drive | 



I 24 j 23 I WRITE GATE- | System } Enables writing to drive) 

III I I when signal is low | 

*4 4,^ — 4 

I 26 I 25 I TRACK 00- j Drive j Indicates head is over 1 

III II track 00 when signal | 

III j I is low I 

I 28 I 27 I WRITE PROT- | Drive | Indicates diskette | 

I II I I is write-protected | 

4.______4,-._ _4. ____4. ,______4.___. 

I 30 I 29 I READ DATA- | Drive | Serial data from drive | 

- — .4 

I 32 I 31 1 SIDE 1- I System | Side select (0,1 = | 

III 11 high, low) | 

4- 4- 4- ■ 4- >4- --4» 

I 34 I 33 I -- I HC I -- I 

★ NC = Not connected. 
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Table 2-11 External Diskette Drive Connector Pin-Out 


{Signal I Return I Signal Name | Source | Function 


. — — — 4. — — 


) 2 ( 1)1 1 ( 20)1 


I 4 (2)1 3(21)1 


I 6 (3)1 S(22)| 


I 8 (4)1 7(23)1 





|10 (S)| 9(24)1 


il2 (6)ill(2S)| INDEX- 


Dr i ve 


Indicates index hole 


|14 (7)|13(26)j MOTOR 3- 


S/s t em 


Drive motor 3 enable 


i 16 (8) I 15(27) I SELECT 4- 


System | Drive select 4 


|18 (9)117(28)1 SELECT 3- 


Sys t em 


Drive select 3 


I 20(10) I 19(29) I MOTOR 4- 


System | Drive motor 4 enable 


122(11) 121(30) i DIRECTION- | System | Step IN/OUT direction 




I 24(12) I 23(31) I STEP- 


Sys t em 


Step IN/OUT command 


|26(13)|25(32)| WRITE DATA- | System 


Serial data to drive 


i 28(14) I 27( 33) i WRITE GATE- | System 




i 30(15) I 29(34) i TRACK 00- 


Drive 


Enables write when low 

Indicates head is over 
track 00 when low 


i 32(16) I 31(35) i WRITE PROT- | Drive 


Indicates diskette 
is wri te -pro tec ted 


I 34(17) I 33(36) ) READ DATA- 


Dr i ve I Serial data from drive 


I 36(18) I 35( 37) I SIDE 1- 


Sys t em 


Side select (0 = high) 


|38(19)|37 j 


I HC I 


I MC I 


* NC - not connected. 
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2. 4. 6. 6 Diskette Drive. The Texas Instruments Professional Computer 
is equipped with one 5 1/4-in, doubl e-s i ded , diskette drive. The 
self-contained unit consists of a spindle drive, a head positioner, 
and a read-write-erase system. 

Plastic guides help to position the diskette inside the diskette 
slot. After you insert the diskette and close the access door, three 
things happen: the diskette clamps to the drive hub; a 500-ms delay 

begins, and the servo-controlled drive motor starts. 

The head positioner is a 4-phase stepper-motor and band assembly with 
some related electronics. It moves the head (using one-step rotation 
to cause a one-track linear movement) to the proper track of the 

d i ske 1 1 e . 

The following sensor systems are built into the unit. 

* The track 00 sensor. This switch determines that the 
head/carr iage system is at track 00. 

* The index sensor. When the phototransistor sees the LED 
light source through an index hole, it sends out a signal. 

* The write-protect sensor. When this switch finds a write- 

protect tab applied to a diskette, it disables the write 

head . 

The diskette drive reads and writes digital data using MFH. The 

write operation records a 0.33-mm (0.013 in) data track, which is 

later tunnel-erased to 0.30 mm (0.012 in). The track-to- track 
access time is 6 ms. The drive speed is 300 rpm. 

Table 2-12 gives the specifications for the diskette drive. 
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Table 2-12 Diskette Drive Specifications 


Physical Dimensions: 

85.85 mm (3.38 in) 
149.10 mm (5.87 in) 
203.20 mm (8.00 in) 
2.04 kg (4.50 lb) 


Height 

Width 

Depth 

Weight 


Environmental Parameters: 

Temperature - Operating Storage 


o 



o 


o 


o 


10 

C 

t o 

40 

c 

"»40 C 

to 

65 

c 

o 



o 


O 


© 


(50 

F 

t o 

104 

F) 

(“40 F 

t o 

149 

F) 


Relative Humidity 
o 


(« 

40 F wet-bulb 



t empera t ur e , 



no 

condensat ion 

20 % to 80 % 

5 % to 95 % 


Altitude 

Mean sea level 

Mean sea level 


to 10 000 ft 

to 45 000 ft 


Power Requirements 
Vol tage 

+5 Vdc (+/- 0.25 V) 
+12 Vdc (+/- 0.6 V) 


Curren t 
600 mA 
900 mA 
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2.4.7 CRT Controller Board 

The CRT controller board drives either a monochrome analog or a color 
TTL display and makes the Texas Instruments Professional Computer a 
complete alphanumeric and raster graphics system. 

As a stand-alone option, the controller board provides one page of 
hi gh-resolu t i on (80 columns x 25 lines) alphanumeric display. This 
board also supports the optional graphics video controller piggyback 
board, which is described in Section 3. 

The system makes no physical distinction between color and 
monochrome; the board supports output in either eight-level gray 
scale or eight-color RGB (red, green, blue). Color is determined by 
the monitar used. Rafer to Section 6, drawing 2223011, for logic 
d i agrams . 

Figure 2-S is a block diagram of the alphanumeric CRT controller 
board . 

Table 2-13 lists the video ac parameters. 

Figure 2-6 shows the timing diagram for the Alphanumer i cs State 
Machine PAL. 
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Figure 2-5 Alphanumeric CRT Controller Board Block Diagram 
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Table 2-13 Video AC Parameters 


f ★ 

Parame ter 

Value 

Value** 

Toleran 

A 

Video dot frequency 

18.000 MHz 

^ — 

1 

% 

B 

Video dot pulsewidth 

55.55 ns 

-- 

1 

% 

C 

character block 






hor i zon t al 

9 dots 

-- 



D 

Character block 






ver t i cal 

12 dots 

14 scan lines 



E 

Number of character 






lines 

25 rows 




F 

Characters/character 






line 

80 columns 




G 

Number of active 






scan lines 

3G0 

350 



H 

Total scan lines 

320 

385 



J 

Vertical sync width 

0.156 ms 

0.156 ms 

1 

% 

K 

Vsync front porch 

0 ms 

0 ms 

1 

% 

L 

Vsync back porch 

0 . 884 ms 

1 . 664 ms 

1 

% 

M 

Vertical blanking 






interval 

1 . 040 ms 

1.82 ms 

1 

% 

N 

Active vertical 






d i splay t ime 

15.60 ms 

18.20 ms 

1 

% 


Total vertical time 

16 . 63 ms 

20.02 ms 

1 

% 

0 

Vertical rate 

60.10 Hz 

49.95 Hz 

2 

Hz 


Hsync width 

4.50 us 


1 

% 

S 

Hsync front porch 

2.00 us 

-- 

1 

% 

T 

Hsync back porch 

5.50 us 


1 

% 

U 

Horizontal blanking 






interval 

12.00 us 


1 

% 

V 

Active horizontal 






display time 

39.99 us 


1 

% 

H 

Total hor i zon tal time 

51.99 us 


1 

% 

X 

Horizontal rate 

19231 Hz 

— — 

100 Hz 

* 

Letters refer to areas on the timi 

ng diagram in the 




next figure. 





** 

These values reflect 

the vertical 

timing adjustment 

s 



for SO-Hz refresh. 


CAUTION 

50-Hz operation can be used only in areas that 
run on 50-Hz line frequency. Using 50-Hz 
operation in any other area can damage your 
computer. To select 50-Hz operation, jumper pins 
E5-E6 on the motherboard. 
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Figure 2-6 Alphanumer i cs State Machine Timing Diagram 
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The CRT controller board features described in the following 
paragraphs include: 


* Display characteris tics 

* Character attributes 

* Character sets 

* Cursor 

* Scrolling 

* Video connector 

* CRT -.controller IC _ 

* CRT screen/CPU arbitration logic 

* CRT address decode logic 

* Character sets and attribute logic 

* CRT interrupt logic 

* Diagnostic loopback 

2. 4. 7.1 Display Character i s t i cs . The display charac t er i s t i cs are as 
follows : 

* A 7 X 9 character in a 9 x 12 image cell 

* Twenty-five lines of 80 characters 

* A resolution of 720 pixels horizontally x 300 pixels 
vertically 

* A horizontal scan rate of 19 200 lines per second 

* A vertical scan rate of 60 (50 frames per second) 

* A dot rate of 18.0000 MHz 


MOTE 

The horizontal scan rate is an important 
considerat ion . Many monitors available today 
have a horizontal scan rate of 15 750. Only a 
monitor having a horizontal scan rate of 19 200 
lines per second can operate with the Texas 
Instruments Professional Computer. 
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2. 4. 7. 2 Character Attributes. The 
organized as 2K bytes x 16 bits. The 
information. The second 8 bits selec 


character 

bas 1 s : 



* 

Bi t 

0, 

intensi ty 

level 1 

( blue ) 

it 

Bi t 

1 , 

intensi ty 

level 2 

(red) 

* 

Bi t 

2. 

intensi ty 

level 4 

( green ) 

* 

Bi t 

3, 

character 

enable 


it 

Bi t 

A, 

reverse 



t 

Bi t 

SL, 

underline 

- 


is 

Bi t 

6. 

blink 



it 

Bi t 

7. 

alternate 

character set 


controller's video memory is 
first 8 bits convey character 
t the following attributes on a 


NOTE 

The three intensity bits (bit 0 through bit 2) 
determine the gray scale intensity level and the 
RGB outputs for color. Thus, hi/norm video in 
monochrome is handled by a one-of-eight intensity 
select instead of a high-intensity bit. 


To access the attributes, the software writes the attribute values 
into an attribute latch. The attribute value is then assigned to the 
character each time that character is written to the screen (until a 
screen read is done). 

When any character on the screen is read, its attributes are copied 
to the attribute latch. These values are then read by a subsequent 
latch read operation. 

Handling the attributes by this method ensures that, in block moves 
(moving data from one screen area to another), the characters retain 
their attributes. 
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2. 4. 7. 3 Character Sets. The video controller contains a 4K 
character generator ROM, which contributes 2S6 characters. Use the 
socket provided to add an optional 2K or 4K ROM/EPROM and expand the 
character set to the maximum 512 characters. Attribute bit 7 selects 
the expanded character set. 

Refer to subparagrahph 2. 4. 8. 4 for more information on the character 
ROM. 

2. 4. 7. 4 Cursor. Programming can change the cursor appearance. The 
possibilities include blinking, non-blinking, block, underline and 
rever se-vi deo . Hardware handles the cursor display through a special 
set of registers in the controller. Using these registers, the 
software can position the cursor anywhere on the screen (or off the 
screen if no visible cursor is desired). 

2. 4. 7. 5 STcrblling. The hardware maintains a screen start register 
that supports character line scrolling in four directions. The 
software determines the need for a scroll, then changes the value of 
this register by one line. The screen appears to jump by one line. 
The scrolling operation always affects all of the screen. It is not 
possible to scroll one region without affecting another. 

Because the controller contains only 2K bytes of screen memory, 
scrolling results in a "wrap”; the original top line of screen 
contents moves to the bottom of the screen. Therefore, the software 
must clear the top line of the screen (or bottom) before the scroll- 
up (or -down) operation. To simplify programming of the line clear 
operation, the 2K bytes of memory is phantomed over a 4K-byte address 
space. 

Status lines must be implemented in software. That is, during scroll 
operations, the status line must be moved to its new memory position 
before writing. The screen start register changes the screen-to- 
memory correspondence. 
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2. 4. 7. 6 Video Connector. The video connector located on the rear 
edge of the PWB is a standard, 9-pin, female, D-type connector. This 
connector is for a color display unit. The signals available on this 
connector are given in Table 2-14. All signals are at standard TTL 
levels . 

Table 2-14 Color-Video Connector Pin-Out 


Function 

Ground 

Logic ground 

Red video 

Green video 

Blue video 

Logic ground 

HC (no connection) 

Horizontal drive (NEGATIVE TRUE) 
Vertical drive (POSITIVE TRUE) 


The other video connector, on the lover rear edge of the PWB, is a 
standard RCA phono jack. This connector is for a monochrome display. 
The signal available at this connector is a composite type, 1 V peak- 
to-peak, 7S-ohm load. 


Pin 

1 

2 

3 

4 

5 

6 

7 

8 
9 


2.4.8 CRT Controller IC 

The CRTC IC (6S45A-1) contains the logic for: 

* Generating the horizontal and vertical synchronizing signals 

* Blanking display during retrace 

* Addressing screen memory during screen refresh 

* Cursor coincidence 

* Starting screen display registers for use in scrolling 

The CRTC contains eighteen registers that must be appropriately set 
before board operation begins. To access these registers, the CPU 
first writes the address of the register to be accessed into the CRTC 
address register. Then information can be written to that register. 
When writing to or reading from (where appropriate) the data 
register, the information is accessed by the address latched in the 
address register. 


2-44 



TECHNICAL REFERENCE 


SYSTEM HARDWARE 


Table 2-lS shows how to program these registers, using the signals 
chip select (CS), register select (RS), and read/write (R/W-) . 
Assume the following conditions: 

* A character rate (SWM-) of 2.0 MHz 

* 12 lines per character block 

* 25 rows on the display 

* 24 character times of horizontal blanking (12.0 us) 

* 20 line times of vertical blanking (1.04 ms) 

For more detailed programming information, refer to The Svner com Data 
Book . - . 
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Table 2-15 CRTC Programming Values 





Regi s t er 

Regi s ter 

Refresh 

Ra t e 

S ignal 

Name 

Address 

Name 

Value 


cs- 

RS 

R/W- 



60 Hz 

50 Hz 

H 

X 

X 

— 

No register selected 



L 

L 

L 


Set address register 



L 

L 

H 


Set status register 



L 

H 

L 

0 

Horizontal total characters 







minus one 

103 

103 

L 

H 

L 

1 

Horizontal displayed 







characters 

80 

80 

L 

H 

L 

2 

Horizontal sync position 

84 

84 

L 

H 

L 

3 

VSYNC width, HSYNC width 

39H 

S9H 

L 

H 

L 

4 

Vertical total rows minus 1 

24 

31 

L 

H 

L 

5 

Vertical adjust lines 

20 

00 

L 

H 

L 

6 

Vertical displayed rows 

25 

25 

L 

H 

L 

7 

Ver t i cal sync position 

25 

28 

L 

H 

L 

8 

Mode control 

OOH 

OOH 

L 

H 

L 

9 

Scan lines per row minus 1 

11 

11 

L 

H 

L 

10 

Cursor start line and BLINK 

40H 

40H 

L 

H 

L 

11 

Cursor end line 

11 

11 

L 

H 

L 

12 

Display start address high 

OOH 

OOH 

L 

H 

L 

13 

Display start address low 

OOH 

OOH 

L 

H 

X 

14 

Cursor position address high 

OOH 

OOH 

L 

H 

X 

15 

Cursor position address low 

OOH 

OOH 

L 

H 

H 

16 

Light pen position address high 


L 

H 

H 

17 

Light pen position address low 

-- 



Legend : 

H s High signal. 
L = Low signal. 

X = Don * t care . 


2-46 



TECHNICAL REFERENCE 


SYSTEM HARDWARE 


■'.4.8.1 CRT Screen/CPU Arbitration Logic Subsystem. The CRT 

controller arbitration logic gives the programmer free access to the 
IT display. There is little overhead time caused by arbitration 
conflicts, because the refresh memory and its control logic allow two 
complete memory cycles between each character displayed on the screen. 
One cycle accesses the character for display; the CPU uses the other 
cycle for read or write operations. Therefore, the CPU waits less than 
two di splay-character times for memory access. Because a character 
time is 500.8 ns and the CPU clock is 200 ns, a synchr oni za t i on delay 
can occur. The total time for a worst-case CPU access is 1.0 us. . The 
usual access time is 600 ns (3 to 0 wait states). 

The logic that generates this arbitration scheme includes a counter 
(which also counts the nine dots per character), a PAL (which has 
internal registers and gets feedback from the outputs), and a small 
alphanumer i cs- state machine -(which provides RAH buffer control, control 
outputs for the RAM, and the wait state control for the CPU). The 
counter uses inputs to the PAL to identify the state within the display 
cycle of the state machine. The internal PAL registers define other 
states used during the CPU read and write cycles. To define the CPU 
cycle type being executed, the PAL uses the inputs RD- , WR-, CSEL- 
(character select), and ATSEL-(at tribute select). 

The outputs from the PAL are: 

* COE- , the RAM output enable 

* CHE-, the RAM write enable 

* AEN-, the attribute bus buffer enable 

* AOE-, the attribute latch output enable 

* ACK-, the attribute latch clock 

* MIE-, the character bus input buffer enable 

* SHM-, the signal that switches the RAM address multiplexer 
from the CRTC to the CPU 

* WAIT-, the CPU wait control line 

The counter (U24, a 74LS163) goes through states 

8,9,10,11,12,13,14,15,0, and repeat. 

Latch UlO is included because the window (when read data from the video 
RAM is available) is rather short. This latch captures and holds the 
data for the CPU until the end of the CPU read cycle. The ACK line, 
which clocks the attribute latch, clocks this latch when read data is 
available from the RAM. The output is enabled onto the local bus by a 
combination of CSEL- and RD- . 
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The CRT arbitration PAL pr ogrammi ng is given in Table 2-lB. In the 
••cornmen t ** column, the states generated by the AND of inputs are listed 
according to the counter state number. When the logical AND of term^^ 
from one row is ORed with the AND of terms from another row, the output 
goes low when the result is true. 

Refer to Figure 2-6 for an illustration of the timing produced for 
typical cycles by the alphanumer i cs state machine. 
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Table 2-16 Alphanumer i c s State Machine PAL 
Inpu t 


Commen t 


XI RD- SHMUX AEN- 

X2 HR- MIE- ACK- 

X4 CSEL- CHE- AOE- 

Output LD- ATSEL- COE- WAIT- 

SHMUX . . L S8 , 9 , 10 , 11 , 12 X4 dela/ed 

or . . L All other terms 

MIE- LLLH.LL LL S9 RAM write begins 

or .. _L S10,ll,12 RAM write continue; 

or . , . ' . . . , . . .X All other terms 


CWE- 

L 

L 

L 

H 

• 

L 

L 

« 

• . 



L 

L 

S9 RAM write begins 

or 

H 

L 

L 

H 

o 

L 

L 


. . L 



• 

• 

SIO RAM write continues 

or 

L 

H 

L 

H 

. 

L 

L 


. . L 



• 

• 

Sll RAM write continues 

or 

0 

- 

H 

L 

• 

• 

• 




• 

• 

• 

All other terms inactive 

COE» 



H 

! 


• 



« « • 





S13,14,15,0 screen refresh 

or 


L 

L 

H 

L 

• 

L 


A « « 

« • 

H 

. 

L 

S9.10 RAM read 

or 


0 

o 

* 

L 

• 

L 



• L 


. 

• 

SIO, 11, 12 RAM read continues 

or 

• 

. 

H 

L 

« 

. 

« 



• 


. 

• 

All other terms inactive 



- ♦ 

- 4 ' 

- 4 - 


- 4 . 

- 4 — 

4 - 

4-4'«4 - 

4 . 4 . 

4»- 

• 4* • 

- 4 - 


AEN- 

L 

L 

L 

H 

• 

L 

L 



« • 


L 

L 

S9 RAM write begins 

or 


• 

„ 

« 

• 

• 

. 


. . L 

• 


• 

• 

SIO, 11, 12 RAM write continues 

or 


L 

L 

H 

L 

. 

L 



• 

H 

« 

L 

S9,10 RAM read 

or 

• 

H 

L 

H 

L 

• 

L 



. L 


• 

• 

Sll, 12 RAM read 

or 

mm ^ ■ 

9 

H 

IW 

L 

mm> ^ em 

» ^ < 


• 

• 

•Att. ~ 

« • • 

^ M ^ M 

• • 


• 

M ^ M 

All other terms inactive 

ACK- 

H 

H 

L 

H 

L 


L 

mm 

▼ * T “ ▼ 

. L 



* 

S12 RAM read 

or 

L 

« 

« 

. 

. 

L 

. 

L 


• « 


• 

• 

Write attribute latch 

or 

« 


H 

*L 

OB 4 W 

• 

• 

» « 

“ “ 


• • • 

• • 

-i- -t- 


• 

• 

All other terms inactive 

AOE« 

L 

L 

mma ^ 

L 

L 


L 

L 



▼ * ▼ 


H 

L 

S8 RAM write 

or 

• 


• 


. 

L 

L 



. < 


L 

• 

S9 till not write 

or 

• 

. 

• 

• 

L 

. 

« 

L 


« 


. 

« 

Read at.tribute latch 

or 

• 

. 

• 

« 

L 

• 

L 



• • 

L 

• 

• 

S13 till not read 

or 

. 

. 

. 

. 

L 


L 



• 


L 

« 

S13 till not read 


- 

- 4. 

« 4 

« 4 - 

- 

- 4- 

— ♦ - 

, 4 - 

4 * 4- -4> - 

4 . 4 . 

•4- - 


- 4 - 


HAIT- 

. 

• 

« 

« 

• 

L 

L 


« « • 

« 


H 

• 

RAM write before S9 

or 

. 

• 

. 

• 

L 

• 

L 



. H 

H 

« 

• 

RAM read before S9 

or 


. 

H 

L 

. 

. 

. 


• « « 

• 

• 

. 

. 

All other terms inactive 


- -I- 

— 

- -I- 

- 4 - 

■ 4- 

- 

- 4 - 

• 4- - 

- 4- - 4- - 4» - 

4- - 4-- 

• 4* - 

• 

— 4-- 



Legend; 

L s Low signal. 

H = High signal . 


2-49 



TECHNICAL REFERENCE 


SYSTEM HARDWARE 


2. 4. 6. 2 CRT Address Decode Logic. The CRT controller board handles 
both alphanumeric- and graphics- address decode for the CRT subsystem. 
All of the screen data is mapped into the processor memory address 
space including the assorted latches and I/O ports. 

The decoding is done with three ICs: a HAL10L8 PAL, one-half of a 

74LS20, and a 74LS1SS decoder. The PAL produces the following signals: 

* 2BEN-, the master expansion bus buffer enable 

* XBEN-, the secondary bus buffer enable 

* RD-, a decoded and buffered read control 

* HR-, a buffered and decoded write control 

* GSEL-, the graphics screen memory ^select 

* CSEL-, the alphanumer i cs screen memory select 

* CR/AT- , selects one half of the 74LS155 ( which decodes the 
CRTC and the attribute latch) 

* XSEL-, selects the other half of the 74LS155 (which decodes 
the graphics latch and the miscellaneous input buffer) 

The XBEN- signal develops an enable clock for the CRTC by inverting and 
delaying the signal that provides the required setup time (90 ns) for 
the 6545a-l CRTC. The CRTE (CRT enable) signal has a pulsewidth 
greater than 266 ns, satisfying the requirement of the CRTC. The other 
setup and hold times are easily met. 

The 74LS1S5 decodes the following signals: 

* ATS EL- , the attribute latch select 

* CRTSEL-, the CRTC chip select 

* LAT- 

LAT- combines with HR- and clocks the interrupt enable and screen 
enable latches. The other half of the 74LS1SS decodes the three 
graphics board latches and the buffer enable for miscellaneous inputs. 
The address space that each of these devices occupies is given in Table 
2-17 . 
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Table 2-17 CRT System Memory Map 


Address Device 

COOOO-C7FFF Graphics RAM BanX A 

C8000-CFFFF Graphics RAM BanX B 

D0000-D7FFF Graphics RAM BanX C 

D8000-DDFFF Unusable 

DEOOO-DE7FF Active character memory 

DE800-DEFFF Phantom character memory 

DFOOO bit O Misc input buffer, blue feedbacX, read only 

DFOOO bit 1 Misc input buffer, red feedbacX, read only 

DFOOO bit 2- Misc input buffer, green feedbacX, read only 

DFOOO bit 3 Misc input buffer, interrupt pending, read only 

DFOlO Graphics blue palette latch, write only 

DF020 Graphics green palette latch, write only 

DF030 Graphics red palette latch, write only 

DF800 Attribute latch 

DFOlO CRTC address register, write only 

DF811 CRTC status register, read only 

DF812 CRTC registers write access, write only 

~'F813 CRTC registers read access, read only 

DF820 bit 7 Miscellaneous output latch, interrupt enable 

DF820 bit 6 Miscellaneous output latch, alphanumer i cs screen enable 


PAL coding is given in Table 2-18. When the logical AND of terms from 
one row is ORed with the AND of terms from another row, the output goes 
low when the result is true. 
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Table 2-18 Alphanumeric Decoding PAL 


Inpu t 



MRDC- 

A1516* 

A18 


A14 


A12 




Ou tpu t 

1 

AMWRC- 

A19 


A17 


A13 


All 

Commen t 




- 4 - 



-4-- 


„ 4 » « 


'4* 




ZBEN- 

L 

. 

. 

H 

H 

L 


• 


. 

CRT space 

read 

or 

• 

L 


H 

H 

L 

c 

« 


* 

CRT space 

write 



« 4 « 


«4-- 




«4 - « 

- 4 » o« 




XBEN- 

L 

• 

L 

H 

H 

L 

H 

H 

H 

H 

CRTC/ATT 

read 

or 

• 

L 

L 

H 

H 

L 

H 

H 

H 

H 

CRTC/ATT 

write 



- 4 - 

--4-- 

-4-- 

-4--' 

-4-- 

-.4-- 



-4--- 




RD- 

L 

• 

• 

H 

H 

L 

« 

« 

• 

• 

CRT space 

read 

or 

L 

L 

. 


« 



• 


« 

( Inact i ve 

term) 


. 4. ^ 

— 4 — 

--4-- 

-4 

- 4 - - 

-4-- 

« 4 - « , 

_4 

- 4 » « 





WR- 

. 

L 

• 

H 

H 

L 


« 

• 

• 

CRT space 

write 

or 

L 

L 

• 

* 

• 

• 

• 

• 

• 

• 

( Inactive 

term) 

GSEL- 



H 

H 

H 

L 





Graphic access 

or 

L 

L 

. 


. 




. 


( Inact i ve 

term) 


-4--- 

- 4 - 


-4-- 

«4-- 

-4-- 


« 4 , 

-4-- 

-4->-- 




CSEL- 


• 

L 

H 

H 

L 

H 

H 

L 

4, 

Charac ter 

access 

or 

L 

M ^ Ml ^ 

L 

Mt, 

• 

• 

• 

• 

• 

• 

- 

• 

( Inact ive 

term) 

CR/AT- 

^ ^ mm mm 

^ mm 

L 

H 

H 

t 

H 

H 

H 

H 

CRTC/ATT i 

access 

or 

L 

L 

• 

. 

• 

. 

• 

• 


• 

( Inac t i ve 

term) 



- 4- 

--4-- 

-4-- 

-4-- 

-4-- 

« 4 « - , 

-4 


-4- 



XSEL- 

. 

L 

L 

H 

H 

L 

H 

H 

H 

L 

Extra I/O 

write 

or 

L 

. 

L 

H 

H 

L 

H 

H 

H 

L 

Extra I/O 

read 


Legend : 

L s Low signal. 

H s High signal. 


2. 4. 8. 3 Character Set and Attribute Logic. Two 74LS374S (U14, UiS) 
latch the RAH output (both character and attribute) at the end of each 
screen refresh access cycle. This allows a full character cycle time 
(500.8 ns) to access the character ROM and EPROM and set up the dot 
shift register. The required ROM access time is 452.8 ns. So that the 
character set can include the ability for block graphics, bit 7 out of 
the ROMs indicates that the leftmost and rightmost character dots are 
to be copied to the left and right character-cell border dots. The 
character ROMs should be programmed with active-low data; that is, when 
a dot is to appear, the ROM should be programmed with a zero. 

Figure 2-7 shows some sample characters. The reverse video block and 
the cursor affect the entire 9 x 12 character cell; the underline 
appears on row 11. The descenders of lowercase letters should drop 
only one dot line below the level of the other characters so that the 
underline, cursor, and reverse video will appear in an acceptable form. 
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Row 


Copied When Bit 7 is Low 


6 5 4 3 2 1 


I i 

0 I 




6 S 4 3 2 1 0 



2223216-7 


Figure 2-7 Sample Character Font Definition 


2.4. 8.4 Generating a Character ROM. To generate a character ROM (or 
EPROM), assemble and link the source code, then program the device. 

The source file for a character ROM is organized into 16 bytes for each 
of the 2S6 characters (4096 bytes). When assembled and linked, this 

file fits into a 4K ROM. Each character can contain only 12 rows of 

dots, and the last 4 bytes of each character must be set to FFH. 

Each character on the monitor fits within a 9-column by 12-row block. 
Each byte corresponds to the 9 columns within one row. For regular 

characters, the first row is blank (reserved for ascenders), the last 

two rows are blank (reserved for descenders), and the two outside 
columns are usually blank (for intercharacter spacing). Generally, 
then, a typical character fits within a 7-column by 9-row block. 

For each character block, column 1 is at the right side and column 9 is 
at the left. 

Each byte is encoded as follows:' 

* Bit 0 (the low bit) is at the right side of the character 
block and bit 7 (the high bit) is at the left. 

* Setting a bit to 0 means to put a dot at that location. 

* Setting a bit to 1 means do not put a dot at that location. 

* Setting the high bit to 0 encodes column 1 the same as column 
2 and encodes column 9 the same as column 8. 

* Bit 0 encodes column 2; bit 1 encodes column 3; and so on. 
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Two encoding examples are shown in Figure 2-8 

Example 1 is the letter Example 2 , a meaningless graphic 

character, illustrates some specific applications. Both hexadecimal 
and binary encoding are shown beside each character. 

Example l: 


Example 1: 



Dot Count 

Bit Count 


987654321 

76543210 


- 

Hexadecimal 

Binary 


FFH 

11111111 


80H 

10000000 

• 

BFH 

10111111 


BFH 

10111111 

• 

BFH 

10111111 

• ••• 

87H 

10000111 

• 

BFH 

10111111 

• 

BFH 

10111111 

• 

BFH 

10111111 


80H 

10000000 


FFH 

11111111 


FFH 

11111111 

Example 2: 



• •• • 

67H 

01100111 

e •• • 

A6H 

10100110 

• •• • 

C5H 

11000101 


E3H 

11100011 

• • 

E7H 

11100111 


OOH 

00000000 

• • e • 

6DH 

01101101 

• • •• • 

92H 

10010010 

• • • 

CDH 

1J 001 101 

• • 

EBH 

11101011 

• 

F7H 

11110111 

• 

F7H 

11110111 


Notes: 

1 . Column 1 and column 9 must be the same. 

2. Column 1 and column 2 must be the same if the high bit is 0. 

3. Column 8 and column 9 must be the same If the high bit is 0. 

4. No capability exists for a half -dot shift. 

5. Each character must have sixteen bytes; otherwise, strange characters result. 
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2 . 4. . 8 . 5 Attribute Interaction. The attributes available for use with 
the character display can be used in any of the 128 possible 
combinations. The following paragraphs explain what happens when 
several attributes are active at once. 

The attributes have a priority in their effects, and the highest 
priority attributes affect all attributes that have a lower priority. 
The order of priority is as follows. 

Highest Color attributes - red, blue, green 

Reverse video and cursor 
Character enable 
Blink 

Lowest Underline 

For example, when the underline and blink attributes are set, both 
character and underline blink. When the character enable is set to 
disable, no' character, underline, or blinking activity is present. 
When reverse video and blink are set, the character goes on and off, 
the background is lighted, and the foreground is dark and blinking. 
When the character enable is set to disable and reverse video is set, 
the entire cell is lighted (according to the color attributes). 

The color attributes define the charac t er i s t i cs of the "light" portion 
of the character, that is, either the color (when a color monitor is 
used) or the intensity (when a monochrome monitor is used). 

When the graphics board is used with the alphanumer i cs CRT controller 
board, the graphics screen "shows through" the "dark" portion of the 
alphanumeric character display. 

2 . 4. . 8 . 6 Attribute Hardware. The attribute logic design is of the 

"pipeline" type because the activity of the attributes must occur with 
dot-timing precision (within SS ns). To get data from a latch, through 
several levels of logic, and set up into the next latch, srpme SCHOTTKY 
logic is used. The attribute data from the RAH latches is latched 
again by two 74S17Ss (U16, U17). This latching allows for the one- 

character delay through the character ROM and provides tightly timed 
outputs to the logic. The cursor (CUR) and display enable (DE) lines 

are also delayed twice to keep them synchronous with the other 

information (UI9). 

Propagation delay through the logic can cause timing skews greater than 
a dot time, so the outputs of the first logic level are relatched one 

dot-time later. After going through the second logic level (MUX U20), 

the outputs are latched again for presentation to the video outputs 
(U39 74S174). 
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The red, blue, and green outputs are buffered by a 74LS244 before being 
sent to the 9-pin connector. The color outputs and composite sync are 
buffered by a 74S00, which has an isolated power supply. They are 
combined by a resistor networX and buffered by a transistor to make up 
the composite video output. The mapping of colors to intensity in the 
composite video output is given in Table 2-19. 

Table 2-19 Color Map 


Code 


Color 

Composite Video Output 
^ ( ijn Vol t s ) 

Composite sync 
000 


Black 

0 . 47 
0.78 

001 


Blue 

0 . 88 

010 


Red 

0 . 97 

Oil' 


Magenta 

1 . 07 

100 


Green 

1 . 18 

101 


Cyan 

1 . 28 

110 


Brown 

1 . 37 

111 


Hh i t e 

1 . 47 


To blank the alphanumerics display to black, set the CRT ENABLE bit in 
the miscellaneous output latch to low. The board enters this state on 
power-up. 

2. 4. 8. 7 CRT Interrupt Logic Subsystem. The CRT controller board 
contains a logic subsystem that allows the CRTC to generate an 
interrupt during the vertical interval. The processor uses this 
interrupt when doing scrolls with a status line or other operations 
that must be done during the vertical blanking interval. To enable 
this interrupt, set the interrupt enable bit in the miscellaneous latch 
to high. Vertical blanking causes the CPU nonmaskable interrupt , and 
the interrupt pending bit is set. This bit is read from the 
miscellaneous buffer. To reset the interrupt, set the interrupt enable 
bit to low. 

2. 4. 8. 8 Diagnostic Loopback. One diagnostic requires that the three 
color outputs be looped back to the miscellaneous input buffer so that 
the CPU can read them. Using a program with careful timing from the 
vertical interval, the CPU can check the action of the atribute bits 
and the graphics board palette circuits. 


2.5 EXPANSION BUS 

The other logical function area of the motherboard is the expansion 
bus. It provides space for the different option boards available for 
the Texas Instruments Professional Computer. 
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The expansion bus interface consists of five card-edge connectors, 
making it easy to add memory-mapped or I/O-mapped options to the 
system. The expansion bus supports devices that require interrupts for 
efficient operation. The system does not provide the special-purpose 
hardware required by direct memory access (DMA) devices. 

The expansion bus pin-outs are given in Table 2-20. 

Table 2-20 Expansion Bus Pin-Outs 


Pin 

Signal 


Pin 

Signal 

AOi 

NMI- 


BOl 

Ground 

A02 

DATA 7 


B02 

RESET 

A03 

BATA 6 

~ 

BO 3 

•••5 V power 

A04 

DATA 5 


B04 

IRQ (interrupt 0) 

AOS 

DATA 4 


B05 

No connection (bussed 

A06 

DATA 3 


BOS 

No connection (bussed 

A07 

DATA 2 


B07 

-12 V power 

A08 

DATA 1 


BOS 

Reserved 

AOO 

DATA 0 


B09 

•*■12 V power 

AlO 

WAIT- 


BIO 

Ground 

All 

Logic ground 

Bll 

AMHC- (memory write) 

A12 

ADDRESS 

19 ( M S B ) 

B12 

MRDC- (memory read) 

A13 

ADDRESS 

18 

B13 

AlOHC- (I/O write) 

A14 

ADDRESS 

17 

B14 

lORC- (I/O read) 

A15 

ADDRESS 

16 

B15 

No connection (bussed) 

A16 

ADDRESS 

15 

BIS 

No connection (bussed) 

A17 

ADDRESS 

14 

B17 

No connection (bussed) 

A18 

ADDRESS 

13 

B18 

No connection (bussed) 

Aid 

ADDRESS 

12 

B19 

No connection (bussed) 

A20 

ADDRESS 

11 

B20 

PCLK (S-MHz clock) 

A21 

ADDRESS 

10 

B21 

IRS (interrupt 6) 

A22 

ADDRESS 

9 

B22 

IRS (interrupt S) 

A23 

ADDRESS 

8 

B23 

IRA (interrupt 4) 

A24 

ADDRESS 

7 

B24 

IRl (interrupt 1) 

A2S 

ADDRESS 

6 

B2S 

IR2 (interrupt 2) 

A26 

ADDRESS 

5 

B2S 

No connection (bussed 

A27 

ADDRESS 

4 

B27 

RFSH (refreshing) 

A28 

ADDRESS 

3 

B28 

ALE (address latch) 

A29 

ADDRESS 

2 

B29 

■*■5 V power 

A30 

ADDRESS 

1 

B30 

OSC (15-MHz clock) 

A31 

ADDRESS 

0 ( LS B ) * 

B31 

Ground 

* MSB 

= Most significant bit; 

LSB = 

Least significant bit. 
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2.5.1 Expansion Bus Signal Descriptions 


* NMI-. The nonmasXable interrupt signal can be driven by any 
of the expansion boards to interrupt the system processor. 
Typically, it is used to alert the processor to a parity error 
in memory devices residing in the I/O channel. An open 
collector device pulls this line low when it is being driven 
by an expansion board. Otherwise, it is held high by a pullup 
resistor. 

* DATA 0-7. These lines form the B-bit system data bus and can 
be driven by the processor, memory devices, I/O, or the 
expansion interface. These bidirectional lines are active 
high. DO is the leas t -s i gni fi can t bit, (LSB) and D7 is the 
mos t -s igni f ican t bit (MSB). 

* WAIT-. This signal indicates when a device is holding the 
system processor, thereby extending the length of a memory 
refresh or I/O cycle. When a slow device is addressed on the 
expansion bus, the signal asserts this line low, which extends 
the cycle-completion time. This line should never be held low 
longer than 10 processor clock cycles. When driven by an 
expansion board, an open collector device pulls this line low. 
Otherwise, a pullup resistor holds it high. 

* ADDRESS 0-19. These lines form a 20-bit system address bus, 
which can address up to 1 megabyte of memory. They are 
normally driven by the system processor to address memory and 
I/O devices within the system. (Only XAO trough XA9 are used 
for I/O addressing.) These lines are active high. XAO is the 
LSB and XA19 is the MSB. 

* RESET. This line initializes or resets system logic at power- 

up or after a power failure. It is active high. A power- 

supply monitoring device generates RESET immediately when the 
12-V line drops below 11.1 V. It returns low 3 ms after 
regulation resumes. No operator intervention is required. 

* INTERRUPT 0-6. These lines signal the processor that an I/O 

device requires attention. When several devices require 

service at the same time, the device asserting the lowest- 

numbered line gets serviced first. These lines are active 
high. The interrupt request signal must be held high until 
the interrupt request has been acknowledged. 

* AMWC- (or MWRITE-). The memory write signal is usually driven 
by the system ubdex(AMWC-) processor. It indicates that the 
information on the data bus should be written to the memory 
address given on the address bus. This signal is active low. 

* MRDC- (or MREAD-). The memory read signal is driven by the 
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system processor. It indicates that the memory addressed by 
the address bus should be placed on the data bus. This signal 
i s ac t i ve low . 

* AIOWC- or (IOWRITE-). The I/O write signal is driven by the 
system processor. It indicates that the I/O device addressed 
by the address bus should accept the data on the data bus. 
This signal is active low. 

* lORC- or (IOREAD-). The I/O read line is driven by the system 
processor. It indicates that the I/O device addressed by the 
address bus should place its data on the data bus. This 
signal is active low. 

* PCLK (processor clock). Thi s is the system clock . I t is a 

one-t-hird division af the OSC clock and has a period of 200 ns 
(S.O MHz). The clock has a duty cycle of 37.6 percent 3.0 

percent ) . 

* RFSH ( ref reshing) . This line indicates that a memory refresh 
cycle is taking place. It is positive true. When this signal 
is asserted, all expansion bus activity is ignored. Do not 
use this line for any purpose. 

* ALE (address latch). This line indicates that the processor 
is placing a valid address on the address bus. The address is 
valid on the falling edge of this signal. 

* OSC (clock). This signal describes a high-speed clock having 
a 66.7-ns period (IS.O MHz). It has a 50-percent duty cycle. 


2.5.2 Loading and Driving Requirements 

The expansion bus can drive five expansion boards. Each board can 
support the equivalent of two TTL input loads on any one line of the 
bus. Open collector outputs, which drive the bus, should be able to 
sink 16 milliamperes (mA) at 0.5 V. Data bus drivers should be able to 
sink 24 mA at 0.5 V and source 3 mA at 2.4 V and 15 mA at 2.0 V. 
Drivers for the interrupt lines IR0-IR6 should be able to source 1 mA 
at 3.5 V and sink 1 mA at 0.5 V. 


2.5.3 Memory Timing 

The memory bus cycles can be lengthened in integral multiples of the 
CLK cycle time (200 ns) using the WAIT- line. Figure 2-9 shows the 
timing relationships of the expansion bus memory interface. 
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Figure 2-9 Expansion Bus Memory Interface Timing Diagram 
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1*^ — 1 33 — ►! 67 





A 

ADDRESS SETUP TO COMMAND 

72 MIN 



B 

ADDRESS HOLD FROM COMMAND 

176 MIN 



C 

- COMMAND ACTIVE 

575 MIN 

375 min (WITHOUT WAIT STATE) 

D 

- COMMAND DELAY FROM PCLK 

35 MAX 

10MIN 


E 

- WAIT ACTIVE SETUP 

40 MIN 



F 

WAIT HOLD 

OMIN 



G 

WAIT INACTIVE SETUP 

50 MIN 



H 

- DATA VALID AFTER AMWC ACTIVE 

120 MAX 



1 

- DATA HOLD AFTER AMWC INACTIVE 

108 MIN 


EXPANSION BUS 

J 

REQUIRED ACCESS TIME FROM MRDC INACTIVE 

515 MAX 

315 MAX 


K 

DATA SETUO TO MRDC INACTIVE 

77 MIN 


MEMORY INTERFACE 

L 

DATA HOLD FROM MRDC INACTIVE 

4 MIN 



M 

DATA SETUP TO PCLK LOW 

50 MIN 


TIMING DIAGRAM 
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2.5.4 I/O Timing 

Figure 2-10 shows the expansion bus timing rela t i onships for standard 
I/O cycles. This timing includes the single wait state that the 
motherboard always inserts in I/O cycles. 





LEGEND: 


A ADDRESS SETUP TO PCLK LOW 
B ADDRESS SETUP TO AlWOC -OR lORC 
C - ADDRESS HOLD AFTER AlOWC -OR lORC 
D - COMMAND DELAY FROM PCLK 
E - ACTIVE lORC OR AlORC -TIME 
F DATA VALID FROM AlOWC LOW 
G - DATA HOLD AFTER AlOWC - HIGH 
H - REQUIRED ACCESS TIME FOR lORC - 
I - REQUIRED DATA SETUP TO RISING EDGE OF lORC- 
J - REQUIRED DATA HOLD AFTER RISING EDGEOR lORC - 
K REQUIRED DATA SETUP TO PCLK LOW 


62 MIN 
72 MIN 
176 MIN 

35 MAX 10 MIN 
575 MIN 
120 MAX 
108 MIN 
515 MAX 
85 MIN 
-4 MIN 

50 MAX 2223216-10 


Figure 2-10 Expansion Bus I/O Interface Timing Diagram 
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Section 3 
HARDWARE OPTIONS 


3.1 INTRODUCTION 

This section describes the hardware options available for the Texas 
Instruments Professional Computer. Subsections describe the 

following options: 

* Expansion Memory 

* Synchronous-Asynchr onous Communi cat i ons Board 
^ Internal Modems 

* Graphics Video Controller Board 

* Winchester Disk Drive 

The optional diskette drive is identical to the f ac t ory- i ns tailed 
diskette drive. Therefore, it is not described in this section. For 
information, refer to subparagraph 2. 4. 6.6. 


3.2 EXPANSION MEMORY, 512/768 K BYTES 

Section 2 describes the expansion memory boards that connect to the 
motherboard, increasing the memory to 256K bytes (K = 1024). Two 
additional expansion memory boards (each 256K bytes) are available 
for the Texas Instruments Professional Computer. One board plugs 
into the expansion bus, increasing the memory to 512K bytes. The 
second board mounts on the first (piggyback style so that they use 
only one of the expansion bus slots), increasing the memory capacity 
to 768K bytes. This additional memory operates at the same speed as 
the motherboard memory, so that there is no increase in execution 
time when the memory is increased. 


NOTE 

The 512/768 K byte expansion boards are added 
after the motherboard 192K-byte board is 
installed . 
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The first expansion memory card is the controller card. This card 
contains thirty-six 64K-bit dynamic RAM ICs. The card also holds: 


* Decoding logic to establish the addresses 

* Parity check logic for error detection 

* Timing and refresh logic to operate the expansion memory 
system. 

Connectors and logic for the addition of the second expansion card 
are also part of the controller card. 

The second card also contains thi r ty-s ix 64K-bit dynamic RAM ICs. 
Because tha controller card contains all the logic for both cards, 
this second card is smaller. 


3.2.1 Addressing the Expansion Memory 

The expansion memory operates at a fixed address in the computer's 
memory space. Addresses 040000H through 07FFFH are for the first 
2S6K bytes; addresses 080000H through OBFFFFH are for the second 
256K bytes. If the second card is not installed, its assigned memory 
space can be used by other hardware products. 


3.2.2 Expansion Memory Control Logic 

The expansion bus contains a bidirectional buffer to separate the 
data bus from the expansion memory, thereby providing sufficient 
drive and margins to the data transfers. The hard array logic (HAL) 
chip HAL16R4 (U2) handles address decoding, buffer control, as well 
as timing and refresh. The refresh timer (U4) is a one-shot, and the 
delay line (U3) provides the multiplexer timing. 

3. 2. 2.1 Expansion Memory Refresh Logic. Tire dynamic RAM refresh 
logic operates synchronously with the accesses to the RAM memory. 
Refresh cycles begin only when a RAM cycle is not in progress. This 
means that the RAM refresh can occur at the same time as accesses to 
other system memory (ROMs or the main system memory) or I/O space. 
Each time a refresh cycle begins, a refresh timer (U4) starts. When 
it times out, it provides the signal beginning another refresh cycle. 
This timer is set to 15 us maximum, which allows for the worst-case 
refresh request latency. To maintain the contents of the RAM under 
worst-case conditions, the refresh must occur at least 128 times 
within 2 ms. (The average refresh timing is once per 15.625 us.) 
The worst-case latency for a refresh request is about 600 ns. 

Once a refresh cycle has begun, it must be completed (including the 
precharge) before the next cycle begins. If a RAM access cycle 
starts before the refresh cycle completes, the HAL state machine puts 
the CPU into a wait state until the refresh operation completes. In 
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the worst case, this delay could extend the usual memory access time 
by three wait states or 600 ns. 

Assuming a refresh timer value of 14 us, and an average 400-ns 
slowdown of the CPU, the average refresh overhead is about 2.9 
percent. The worst case is about 4.3 percent. 

3. 2. 2. 2 CAS and Address MUX Switch Generation. A delay line from 
the Column Address Strobe X (CASX-) produces the address multiplexer 
control (MSEL) . The delay line is set at 40 ns. U1 buffers the 
CASI- line, and the RAM buffers are taken from the delay line 60 ns 
after CASX-. This ensures the maintenance of an adequate row address 
hold, and enough column address setup time. The RAM still operates 
quickly enough to finish an access within the system cycle time. 

The CASX- timing dep^ds on whether the cycle is a read or a write. 
If the cycle is a read, the CASX- signal from the logic array is 
equivalent to the RASI- signal. This provides the maximum available 
time for the RAM chip to access it’s data and present it to the 
expansion bus. The delay line guarantees the timing of MSEL and 
CAS I - to the dynamic RAMs . 

I f the cycle is a write, then the CASX- signal follows the rising 
edge of the first system clock during the write cycle. This is about 
130 ns after the occurrence of RASI-. This delay allows time for the 
data from the processor to propagate through the data buffers and U€ , 
the parity generator chip (74LS280). 


3. 2. 2. 3 Expansion Memory Parity Generation and Checking. The parity 
generator/checker chip (74LS280) generates a 1 to the parity RAM bit 
whenever there is an even number of '*l”s in the data byte be i ng 
written. A separate data bus on the parity RAM chip uses a tristate 
driver to provide a high on the output whenever it is not driving the 
output line (as in the write cycle). The parity is then taken from 
the "odd sum” output of the parity generator and used to write to the 
dynamic RAMs. The WCAS- line from the logic array holds the parity 
error flip-flop (US) clear. The timing on this line stays low until 
after the CASI- line clocks the flip-flop. This prevents the 
generation of a parity error during write. 


When the RAM is read, all of the data bits and th.e parity bit are 
presented to the generator/checker , and the parity output is sampled 
at the end of the read cycle. If a parity error is discovered, flip- 
flop US is set to interrupt the CPU on the NMI- line. This NMI- line 
clears on the next read with correct parity, or on the first write to 
this board. 


Using the "odd sum” method of parity checking does 
error, even when the system attempts to read from 
(To determine the size of system memory, system 
"feels” for memory not present. 


not cause a parity 
nonexistent RAM. 
software sometimes 
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3. 2. 2. 4 Expansion Memory Control State Machine. A hard array logic 
device (HAL16R4), set up as a state machine (U2), drives the memory 
control. This device has four outputs equipped with clocked flip-” 
flops and four outputs that are direct combinations of the inputs. 
Table 3-1 gives the logic for the memory control state machine. The 
logical AND of the terms on a line ORed with the AND of terms on 
other lines results in low-going outputs. This occurs either 
directly, on those outputs without registers, or after the clock on 
those outputs having regi s ter s . 
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Table 2-1 Expansion Memory Control State Machine Logic - HAL16R4. 
■ I npu t 


Output 

RASI- 

or 

or 

or 

or 

XWAIT- 

or 

CASX- 

or 

or 

BUFE- 

or 

or 

or 


RFSH- 

or 

or 

or 

or 

or 

or 

RRAS- 

or 


WCAS- 

or 

or 

Z222- 


MRD- XA18 RASI- RFSH- 

MWR- LGND- XWAIT- RRAS- 

RFRQ XXXX CASX- WCAS - 

XA19 B2IN- BUEfE- 2222- Comment 


L..LHL HH-. 

L..HLL.L ....HH.. 

.L.LHL HH.. 

.L.HLL.L ....HH.. 


• «•••««• Ii« L • a « 

a a a a L a L a a 

a L Ha 

L.aLHL .HH.a 

La a H L L a L 

.4.»4a-.4a-o4a.4a.4aa.4a->4a .4..4.«4a.4..4a..4;.4a.4. 

aLaLHL 

. L a H L L a L a a 

LaaLHL 

La.HLL.L ...aa.a. 

.4a»4.-.4.»4.»4..4.»4.-.4..».4.-.4.-.4.a.4.-a4.-.4a..4a^4.^ 

The following four outputs have fl 

.4.«4..4a<.4a»4.»4..4.-4a.-«.4a.4aa.4..4..4.-,4..4...4... 


H H H a a a a H a a 

a.HLL H.a 

a.HHH Ha. 

a a H H L a a H Ha. 

H a a H a a 

L H a a 

LLaa Ha. a 


« 4 a. 4 .. 4 .« 4 ._ 4 .. 4 .a. 4 .. 4 . 

a L a a a 

L L 

aLaLHL HHaa 

aLaHLL .L a.aaHH.a 

L L 

.4.^4..4.-.4..4..4..4.a.4.^.a.4..4a.4..4...4.«4..4...4,-. 

L L 

— — -I---*- — 4.-.4.-4.-4.-^-.4- — 4a-.4.-. 


Memory read low bank 
Memory read high bank 
Memory write low bank 
Memory write high bank 
Refresh 

Ref r esh-^memcycle 1, 2 
Ref r esh-^memcycle 2, 3 

Write, either bank 
Read low bank 
Read high bank 

Write low bank 
Write high bank 
Read low bank 
Read high bank 

ip-flops : 

Refresh i; no memcycle 
Refresh 1; motherboard cycle 
Refresh l; graphic cycle 
Refresh 1; high bank not in 
Refresh 1; illegal cycle 
Refresh RF2,3 
Rese t 

Refresh RF2 , 3 , 4 
Rese t 


Write low bank 
Write high bank 
Reset 

Reset 


Legend : 

L = Low s i gnal . 

H = High s i gnal . 
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Notes for Table 3-1 

1. The signal RASI- activates RAS- from the RAM address 
multiplexer of the 2964. 

2. The signal XWAIT- puts the processor into a wait state. 

3. The signal BUFE- activates the expansion memory system data 
buffer , 

4. The signal CASX- controls the CAS and MSEL generation. 

5. The signal RFSH- instructs the 2964 address multiplexer to 
put out the refresh address. 

6. The signal RRAS- combines wi th RFSH- to indicate that a 
refresh RAS is in progress. 

7. The signal WCAS- delays CASX- during a write cycle. 

8. The signal ZZZZ- is not used. 

A timing diagram of the ntemory system, shown in Figure 3-1, indicates 
the major operations of the memory system. 
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Figure 3-1 Expansion Memory Timing Diagram 
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3.3 SYNCHRONOUS “ASYNCHRONOUS COMMUNICATIONS BOARD 


This subsection des 
of the synchronou 
board. Figure 3-2 
Refer to Section B, 


cribes the theory of operation and the functions 
s -asynchronous commun i ca t i ons (sync-async comm) 
is a block diagram of the sync-async comm board, 
drawing 2223096, for logic diagrams. 


SYSTEM 

UNIT 



Figure 3-2 Sync-Async Comm Board Block Diagram 


The sync-async comm board is based upon the Zilog 28S30 Serial 
Communications Controller (SCC). This device automatically handles 
asynchronous protocols. It also services most synchronous protocols, 
including data link control (SDLC) and high-level data link control 
(HDLC), (both bi t-oriented . ) Cyclic redundancy check (CRC) is an 
automatic function and can be included in any t ransmi s s i on . 


NOTE 


A sample program, shoving general programming 
procedures and recommended use of the sync-async 
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comm board, is included in Appendix E of this 
manual. For more detailed information, refer to 
the Ziloo 8S30 Technical Manual. 


The functions of the sync-async comm board are: 


* System interface 

* Baud rate generation 

* Port addresses 


3.3.1 Sys tern In ter face - 

Most of the components on the board are involved in handling the 
interface between the system bus and tbe Z8530. Of special note is 
the logic that generates the interrupt acknowledge (INTACK) signal 
that the Z8530 requires in response to an interrupt request. The 
INTACK- signal is sof tware-generated . It is not part of the system 
interrupt acknowledge signal because of the setup time required and 
because the system expansion bus does not provide for expanding the 
number of interrupt levels. 

To generate the IHTACK- signal, the software does a AIOWC- (write) to 
the I/O address for interrupt acknowledge and then does a lORC- 
(read) from the same address. The data received on this read is the 
interrupt vector from the Z8S30. 

The AIOWC- signal clears U5B, activating the IHTACK- signal to the 
Z8530. When the lORC- occurs, the vector from the Z8530 is gated 
onto the data bus. The rising edge of lORC- clocks USB to the 
inactive state which releases the IMTACK-. 

Other logic on the system side of the board delays the read and write 
commands to the SCC so that the address and data setup times and the 
hold-time requirements of the part can be met. lORQ is connected to 
the input of a flip-flop 74LS74. (USA). The clock input is connected 
to the system CLK line. The rising edge of the clock occurs 133 ns 
after the lORC- or AIOWC- signal occurs. The output of USA, gated 
with lORC- and AIOWC-, delays the start of the SCCRD- and SCCWR- 
signals. The clear input to USA is connected to BDCS , allowing the 
SCCRD- , and SCCWR- signals to occur only when the board is selected. 

Resetting the Z8S30 requires that the SCCRD- and the SCCWR- lines be 
held active simultaneously. This results from the logical OR of U6C 
and U6D with the RESET signal from the bus and the SCCRD- and SCCWR- 
1 i nes . 

U4C inverts and buffers the interrupt output from the SCC. This 
signal then goes to a set of stake pins and is used to determine the 
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interrupt level at which the board is operated. 


3.3.2 Baud Rate Generation 

The 4.91S2“MHz crystal oscillator on the board, divided by 2, 
provides a clock for the SCCs (internal baud rate generators). To 
generate a specific baud rate, program the values given in Table 3--2. 

Table 3-2 Sync-Async Comm Board Baud Rate 


Baud 

Sync 

Per cen tage 

Async 

Percen tag 

Rate 

Value 

of Error 

Value 

of Error 

19 

200 

62 

0.000 

2 

0 . 000 

9 

600 

126 

0 . 000 

6 

0 . 000 

7 

200 

169 

-0 . 196 

9 

-3.030 

4 

800 

254 

0.000 

14 

0 . 000 

3 

600 

339 

0 . 098 

19 

1 . 587 

2 

400 

510 

0 . 000 

30 

0 . 000 

2 

000 

612 

0 . 065 

36 

1 . 053 

1 

600 

681 

-0 . 049 

41 

-0 . 775 

1 

200 

1022 

0 . 000 

62 

0 . 000 


600 

2046 

0 . 000 

26 

0 . 000 


300 

4094 

0 . 000 

54 

0 . 000 


200 

6142 

0 . 000 

82 

0 . 000 


ISO 

8190 

0 . 000 

10 

0 . 000 


134.5 

9134 

0 . 001 

69 

0 0 001 


110 

11169 

-0.001 

96 

0 . 026 


75 

16382 

0.000 

1022 

0 . 000 


SO 

24574 

0 ; 000 

1534 

0 . 000 
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3.3.3 Addressing 

A 74LS139 decoder (U3) and several gates (to qualify the address) 
comprise the address selection logic. The board design presents a 
choice of four address locations, permitting the addition of several 
communications boards to the system. 

As with other I/O devices for this bus, only 10 of the address lines 
are decoded. U3 provides two decoded outputs: INTCS-, which 
activates the INTACK logic; and SCCCS-, which activates the Z8530. 
The logical OR of INTCS- and SCCCS- creates the board select signal 
(BDCS). The logical AND of lORC- and AIOWC- creates lORQ. BDCS and 
lORQ combined enable the bus buffer U7. 


3.3.4. Prog r amm i n g 

The sync-async comm board port number is programmed by placing 
jumpers on the board. Five I/O addresses and a distinct interrupt 
level control each port. 

Table 3-3 gives the board addresses for the four possible ports. P60 
is the board connector. 
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Table 3-3 Sync-Async Comm Board Port Addresses 


Jumper 
Loca t ions 


Port 1 Interrupt 

P60 

Pin No, Address Function 


E1-E2 

E7-E8 


8 (INTO) 


OOEO 

00E4 

GOES 

00E6 

00E7 


Interrupt acknowledge 
CHB command 
CHB data 
CHA command 
CHA data 


Port 2 Interrupt 


E4-E5 

50 ( IMTl) 

00E6 

Interrupt acknowledge 

ElO-Eli 


OOEC 

CHB command 



OOED 

CHB data 



OOEE 

CHA command 



OOEF 

CHA data 


Port 3 Interrupt 


E2-E3 

48 (INT2) 

OOFO 

Interrupt acknowledge 

E8-E9 


00F4 

CHB command 



OOFS 

CHB data 



00F6 

CHA command 



00F7 

CHA data 


Por t 4 Interrupt 


E5-E6 

46 (IMT4) 

OOFS 

Interrupt acknowledge 

E11-E12 


OOFC 

CHB command - 



OOFD 

CHB data 



OOFE 

CHA command 



OOFF 

CHA data 
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Two channels (A and B) from each port control the 28530 operations. 
Channel A, the main communications channel through which data transfer 
cakes place, also monitors or controls some of the RS-232-C signals. 
Channel B does nothing but control or monitor signals. It is not used 
for data transfer. 

Each channel can be accessed by two addresses: ’^command'* and **data,*^ 
The command address for either channel is used to access any of the IS 
read or write registers that control the 28530 operations. The data 
address for channel A is used to read received data and to write 
transmitted data. The data address for channel B is not used. 

Because the 28530 does not contain pin~outs for the DSR , SCF, and RI 
signals, unused pins from channel B are used for these signals. Table 
3”4 lists the specific pin«out for these signals. Table 3-5 lists the 
Channel B pin~out for the 28530 interrupt enables. 

Table 3-4 Channel B Pin-Out for 28530- 


28530 Signal Channel B Pin-Out 


OSH 

SCA 

SCF 

RI 


DCD 

DTR 

SYNC/HUMT 

CTS 


Table 3-5 Channel B Pin-Out for 28530 Interrupt Enable 
28539 Interrupt Channel B Pin-Out 


OSR 

DCD 

SCA 

none 

SCF 

SYMC/HUKT 

RI 

CTS 


Each port has an I/O address used to acknowledge the 28530 interrupts. 
An I/O write followed by an I/O read done at this address acknowledges 
the interrupt. The data written during the I/O write is irrelevant. 
After the I/O read, the 28530 returns the code for the interrupt that 
occurred. These codes are explained in the 2iloQ 8530 Technical 
Manual . 


3-13 



TECHNICAL REFERENCE 


HARDWARE OPTIONS 


The external connector (J69) is an RS-232-C type. Table 3-6 identifies 
the signals at this connector. 


Table 3-6 RS-232-C Connector Signals 


4» - 



4“ 

1 Pin 

I Signal Name 

1 Signal 

i 

1 1 

1 Chassis ground 

1 AA 

1 

I 2 

1 Transmitted data 

1 BA 

1 

1 3 

1 Received data 

1 BB 

1 

I 4 

1 Request to send 

1 RTS/CA 

i 

1 5 

1 Clear to send 

1 CTS/CB 

1 

) 6 

1 Data set ready 

1 DSR/CC 

I 

1 7 

1 Signal ground 

I AB 

1 

1 3 

1 Data carrier detect 

j DCD/CF 

1 

1 3 

1 Ho connection 

j 

( 

1 10 

1 No connection 

1 

1 

1 11 

1 Secondary request to send 

I SCA/CH 

1 

1 12 

1 Secondary clear to send 

I SCF/CI 

1 

1 13 

1 No connection 

1 

1 

1 14 

) No connection 

1 

1 

1 15 

I Transmitter clock in 

j TXC/DB 

1 

1 15 

) No connection 

1 

1 

1 17 

j Receiver clock in 

1 RSC/DD 

! 

1 13 

j No connection 

I 

1 

1 13 

1 No connec t i on 

j 

1 

1 20 

{ Data terminal ready 

1 DTR/CD 

1 

f 21 

1 No connection 

j 

1 

i 22 

1 Ring indicator 

1 RI/CE 

1 

j 2 3 

1 Same as pin 11 

1 SCA/CH 

1 

i ^4 

1 External transmitter clock 

i DA 

1 

1 25 

1 No connection 

j 

1 




3.4 INTERNAL MODEMS 

Texas Instruments offers two internal modems for the Professional 
Computer. One is a Bell 103-compatible type, which operates at 300 
baud. The other is Bell 212-compatible and operates at 1200 baud. 
Both are full-duplex modems, and the Bell 212-compat ible can operate 
in full-duplex, synchronous, 1200 baud. These are **smart'* modems, 
and can handle a variety of commands for establishing communications. 
Both modems have automatic dialing capability using either pulse or 
tone dialing. The modem also provides status indications for 
monitoring the progress of the dialing procedure. 

The following subsections describe the architecture and interface of 
the modems to the system for those users who want to write their own 
communication program, and who want to use an internal modem. 
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3.4.1 Archi t ec t ur e 

The interface hardware for the modem board is identical to that 
created for the sync-async comm board. Therefore, it is easy to 
adapt software written for the sync-async comm board so that it can 
operate with either of the modems. Adding code to handle the modem 
dialing procedure is the major change required. The same port 
addresses and interrupt levels used by the sync-async comm board are 
used by the modem boards. 

Figure 3-3 shows a block diagram of modem hardware. The serial 
controller (Zilog 8530) sends the modem commands during the modem 
ini t ializat ion and dialing procedure. Then the Z8530 transfers data 
between the modem and the remote system. 



2223216-13 

Figure 3-3 Modem Hardware Interface 


3.4.2 Zilog 8S30--Modem Signals 

Two special control signals, /RMCTL (request control mode) and /ACMTL 
(acknowledge control mode), tell the modem how to handle information 
passed by the Z8530. /RMCTL information is processed as commands, 
while /ACMTL information is interpreted as data to be transmitted. 

The signals that appear at the Zilog 8530--modem interface are shown 
in Figure 3-4. 
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Zilog 8530 



Modem 

15 

(/TD) 


► 

BA 

13 

(/RD) 

-4 


BB 

18 

(/CTS) 

-4 


/CB 

16 

(/DTR) 


^ 

/CD 

21 

(/DSR) 

M 


/CC 

29 

(/SDCD) 

-4 


/Cl 

19 

(/DCD) 

M 


/CF 

22 

(/Rl) 

■< 


/CE 

23 

(/RTSB) 


► 

/RCNTL 

11 

(/SYNCA) 

-4 


/ACNTL 

12 

/RTXCA) 

-4 


/RX CLOCK 

22 

(/TRXCA) 

-4 


/TX CLOCK 
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Figure 3-4 Zilog 8530--Modein Interface Signals 
The following paragraphs give brief descriptions of these signals. 


. NOTE 

In the following descr ipt i ons , •*ON’* refers to an 

active-low TTL voltage level. 


( /TD ) -> BA The Z8530 sends data to the modem on this line. The 
condition of /RCNTL determines the type of data (either transmitted 
data or command data) . 


BS -> ( /RD) The modem sends data to the Z8530 on this line. The 

condition of /RCNTL determines the type of data (either transmitted 
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data or command data). 

/CB -> /CTS) When this signal is on, the modem is ready to receive 
transmitted data from the Z8S30. Even when this signal is off, the 
Z8S30 can still send command data if /ACNTL is on and /CD (DTR) is 
off. No transmitted data is sent while this signal is off. 

f/DTR) -> /CD When this signal is on, the terminal is ready to start 
the communication. This signal is turned on while the unit is in the 
command mode, but before giving the start-dial command. (If the 
start-dial command is given before /DTR is on, the modem returns a 
"command failed" status.) 

/CC -> ( /DSR ) The modem completes dialing, then turns this signal on 
while waiting for the answer tone and the carrier. The modem 
indicates- three things, by turning this signal on: that it is 
electrically connected to the communication line; that it is off- 
hook; and that it is ready to start communication activity. 

/Cl -> { /SDCD'> After answering a call, the modem generates this 
signal to indicate how fast data is being transmitted to the 
terminal. Turning the line on indicates that data is being 
transmitted at high speed. Turning the line off indicates that data 
is being transmitted at low speed. During the originate modes, this 
signal represents the selected rate of data transf er . 

/CF -> { /PCD) When this signal is on, the modem is receiving the 
data signal from the communications line and communications can 
begin . 

/CE -> f /RI ') The modem generates the voltage levels on this line to 
indicate the ringing activity. When the signal is on, the line is 
ringing . Between rings, or when there is no ringing, the signal is 
off. The software detects the ringing activity through the Z8530, 
and asserts DTR if the call is to be answered. 

(/RTSS') -> /RCNTL The software uses this signal to change the mode 
of data transfer. When this signal is on, it indicates that the 
terminal wants to enter into the command mode. In command mode, the 
modem does not transmit the data received on the line BA. Instead, 
it uses the data for command and status information exchange between 
the terminal and the modem. During initialization and dialing 
procedures , the modem uses the command mode to send modem dialing 
commands and to receive status information. 

Once the data transfer mode is initiated, the command mode cannot be 
invoked again unless the line is disconnected. 

/ACNTL -> fSYNCA') The modem generates this signal in response to the 
/RCNTL signal from software. The software does not send any command 
data on line BA until this signal is turned on. When the /RCNTL 
signal goes away and the modem enters the data transfer mode, this 
signal is turned off. The /ACNTL signal is usually pulled high on 
the RS-232 interface board. When both /RCNTL and /ACNTL are on, the 
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terminal can exchange commands and information with the modem. 

The /ACNTL signal combined with the /RCNTL signal can differentiate 
between the modem board and a sync-async comm board. To check for an 
installed modem, the software first activates the RCNTL, then waits 
for the modem to return the /ACNTL signal. If no acknowledge signal 
returns, then a sync-async comm board is installed, rather than a 
modem board. 

/RX CLOCK -> f/RTXCA’^ This is the receive data clock line for 
asynchronous communi cation. 

/TX CLOCK -> f/TRXCA^ This is the transmit data clock line for 
asynchronous commun i ca t i on . 


3.4.3 Modem I n i t i al i zat i on 


At power-up, the RESET 
modem, using the operating 
these same defaults at any 


signal on the system bus initializes the 
defaults. The user can reset the modem t© 
time with the software reset command. 


The default parameters are listed in Table 3-7. 


Table 3-7 Modem Default Parameters 


A 


Parame t er 
Dialing 

Line termination 
Modem t ransmi t ter 
Modem mode 
Data/command mode 
Communi cat ion 


Default Setting 

Pulse dial 
On hook 
Squelched 
Originate 
Data mode 
Asynchronous 


3.4.4 Command Mode Operation 

The modem has two modes of operation, data transfer mode and command 
(also called control) mode. The terminal system software 
communicates with the processor on the modem board, either for the 
data transfer or the command mode. All data and command transfer 
passes through the USART. 

At power-up, the default setting is for the data transfer mode. For 
various reasons, such as a software request for diagnostic status 
information, it is necessary to place the unit in command mode. The 
terminal and the modem are in master-slave conf i gura t i on , and the 
modem cannot initiate the command mode. 
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To prepare for command mode operation, the 28530 must be set up for 
300-baud operation, no parity, 8 bits per character, one stop bit, 
and one start bit. The Zilog 8530 Technical Hanual contains details 
on setting the Z8530, Also, refer to subsection 3.3 of this manual. 
Appendix F contains **RCNTL** , a sample subroutine that checks for an 
installed modem. 

Once the appropriate signals are set, the modem and the terminal can 
enter into a command status transfer dialogue. The software asserts 
line /RCNTL, requesting the modem to enter the command mode. The 
modem responds by asserting the line /ACNTL. The software then waits 
until /ACNTL is turned on by the modem before sending any commands. 

To find the status of the modem, the computer transmits the code 
^*send diagnostic status*’ (44H). The modem returns a 2-byte response, 
the first' byte indicating that the ’’status byte follows” and the 
second byte giving the status. 

The commands and status codes are listed later in this section. 
Appendix F contains ’’DIAGST”, a sample routine for starting a 
dialogue in the command mode. 

After the modem completes a command from the computer, it sends a 
’’command complete” (As41H) code or a ’’command failed” (Z = 5AH) code. 
After sending a command, the computer waits before sending another 
command, expecting either a direct response or a command 
complete/failed status . 

The terminal software can insert a fail-safe time-out between issuing 
a command to the modem and receiving the command status to protect 
against possible modem malfunction. 

After the software completes the command/s ta t us dialogue, it releases 
the /RCNTL line. The modem responds by releasing the /ACNTL line. 
The system is now in the data transfer mode. 

The command mode cannot be reentered unless the commun i ca t i on is 
halted and the phone line is d i s connec t ed . The software turns off 
the DTR signal when the line is to be d i sconnec t ed . The modem 
disconnects the line any time DTR is turned off, once the connection 
has been established. 


3.4.5 Dialing Procedure 

To begin a call, the terminal transmits the telephone number to be 
dialed (including any separator symbols such as ( or ©) and 
instructions on the method of dialing (such as T or P). For example, 
in the telephone number T ( 71 3 ) - 8 9 5 -000 1 X , T requests tone dialing, 
and X is the telephone number terminator. The number can be a 
maximum of 23 digits long. The modem responds with the ’’command 
complete” status, then dials the number. Appendix F contains 
’’Dialer”, a sample routine for dialing a telephone number. 
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The ( ) and •“ separators are used for number -group! ng purposes only* 
They have no meaning to the modem. The modem reads the ^ separator 
as tandem dialing. Each time the modem finds a 4-, it waits for 
another dial tone before continuing. The e symbol represents blind 
dialing. When the modem finds the © separator, it waits 2.0 ± 0.1 s 
after the command is received, then dials the number without waiting 
for a dial tone . 

The dialing methods include tone dialing, pulse dialing, and 
automatic selection. The modem is able to alternate dialing methods 
during the dialing procedure. Simply insert the proper characters (T 
for tone dialing, P for pulse dialing) in the telephone number. For 
example, in the number 

T8-50-33333344-P (713) -895-0001, 

the modem dials all the digits to P using the tone mode; all digits 
after P are dialed using the pulse mode. The modem echoes the number 
back to the terminal (without separators) as it dials each digit, 
then sends status to the terminal for full call-pr ogr es s monitoring. 
The status can be ringing, busy, no answer, or voice. The terminal 
screen displays the appropriate message. 

When the connection attempt is successful, the modem does not return 
a status indicator. Instead, the computer monitors the signal /DCD. 
The modem asserts /DCD, indicating a successful connection. 

The dialing procedure is aborted any time the DTR signal is dropped. 
The modem sees this as a command to stop dialing, and goes on hook. 

The modem waits through 10 rings before reporting a no-answer 
condition. The default time to wait between retries is 11 s, the 
default number of retries is 0, Ten rings as a no-answer condition 
is a fixed number; however, the time to wait between retries and the 
number of retries can be programmed into the terminal software. 


3.4.6 Time-Ou t s 

Both the terminal and the modem can cause time-outs. The terminal 
time-outs are: loss of carrier, , long space received, and no 

response. The two types of modem time-outs are: loss of carrier and 
abor t t imer . 

Table 3-8 summarizes the time-outs. 
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Table 3-9 Types and Durations of Disconnects 


Terminal 


Modem 


Type 


Dura t i on 


Type 


Dura t i on 


Loss of carrier 200 ms 
Long space received 1.5 s 
Ho response time-out 1 s 


Abort timer 17 s 

Loss of carrier 50 ms 


The following paragraphs'^-gi ve brief descriptions of all time-out 
cond i t i ons . 

3.4.6.1 Terminal or Software Time-Outs. 

* Loss of Carrier . If the terminal is programmed for fail- 
safe disconnects when the carrier goes off, it waits 50 ms 
before disconnecting. 

* Long Space Received . At start-up, the terminal sends a 
command to the modem, then waits for the modem to turn on 
the /ACNTL signal. If the modem fails to return the signal 
within 1.5 s, the terminal disconnects. 

* No Response . The terminal sends a command to the modem, 
then waits for the modem response. After 1 s, the terminal 
d i sconnec t s . 

3. 4. 6. 2 Modem Time-Outs. 

* Loss of Carrier . During a temporary loss of carrier, this 
timer holds the DCD line true. However, if the carrier 
stays off for 50 ms ( the length of the timer), the modem 
turns off the DCD signal to the Z8530, causing the software 
to recognize the loss of the carrier. 

* Abort Timer - Originate Mode . During the automatic dialing 

procedure, the modem goes off hook to listen for the dial 

tone. The modem waits 17 s, then sends the ’’command failed” 
status and goes on hook. The terminal responds by dropping 
DTR . 

The abort timer resets after the dialing procedure is 
complete. If the modem being used is a Bell 212A-compa t i bl e 
type, the abort timer is set for Bell 212 high-band carrier. 

* Abort Timer - Answer Mode . During a manual dialing 

procedure, the answer-tone abort timer is used instead of 

the dial-tone abort timer. The originating modem looks for 
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an answer from the remote modem. The answer depends upon 
the type of modem installed in the remote system. If the 
remote is Bell 103-compatible, the modem looks for the 
carrier. If the remote is Bell 212-compatible, the modem 
looks for the scrambled mark or the unscrambled mark. The 
modem waits 17 s for the answer tone, then drops DSR. 

3.4.7 Modem Software 

The modem software is very simple. Some commands are only 1 byte 
long, such as the ’'Manual Disconnect” command. Field commands, such 
as ’’Telephone Number” (an op code followed by a field), are longer. 

The terminal sends a command to the modem. The modem returns a 
direct response or a status byte (command complete or command 
failed). The terminal does not send additional commands until this 
handshake is completed. 

Table 3-9 lists the software commands from the terminal to the modem. 
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Table 3-9 Commands from the Software to the Modem 


ASCII Code 


Command 


A 

B 

C 

D 

E 

F 

G 

H 

L 

M 

O 

P 

R 

S 

T 

U 

H 

X 

Y 


Dial following telephone number, select dialing mode 
Next byte contains number of retries (ASCII, 0-9) 
Next 2 bytes contain time (in s) between 
retries (ASCII, 0-99 s) 

Request diagnostic status 

Disconnect on loss of carrier 

Do not disconnect on loss of carrier 

Manual answer 

Select 12^00- bps option 

Select 300“ bps option 

What modem type? 

Manual originate 

Dial following telephone number using pulse dialing 
Start RDLB test^ 

Synchronous commun i ca t i on mode 

Dial following telephone number using tone dialing 

Asynchronous communication mode 

Software reset 

Telephone number terminator 

Start ALB test** 

Tandem dialing (wait for another dial tone) 

Blind dial (wait 2.0 s, then dial) 


* The RDLB (Remote Digital Loopback) test is for a Bell 212- 
compatible modem. It checks the condition of the commun i ca t i on 
lines. The originating modem makes the answering modem echo all 
received data back to the originating modem. 


** The ALB (Analog Loopback) test causes the modem’s internal logic 
to connect the transmitter to the receiver and loopback the data. 


Table 3-10 lists the possible responses from the. modem. 
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Table 3-10 Response from the Modem to the Software 


ASCII Code 


Command 


A 

B 

D 

E 

F 

H 

L 

N 

O 

R 

V 

Z 


Command completed 
Busy tone 

Diagnostic status follows 
Phone number terminator 
Phone number follows 
Bell 212A option installed 
Bell 103 option installed 
No answer 
Lost call 

Ringing from ringback 
Voice reception 
Command failed 


One possible modem response is D, diagnostic status follows. 
Immediately after the modem sends this reply, it sends one of the 
diagnostic indicators from Table 3-11. 


Table 3-11 Diagnostic Status Indicators 


Byte Value Meaning 


00 

01 

02 

04 

08 

10 

20 

40 

80 


Good check 
ROM error 
RAM error 
Processor error 
Timer error 
Not used 
Not used 
Not used 
Not used 


3.5 GRAPHICS VIDEO CONTROLLER BOARD 


The graphics video controller board operates with the CRT controller 
board. It is mounted (piggyback fashion) on the CRT controller 
board, and all its connections are to the CRT controller board. 
Figure 3-5 is a block diagram of the graphics video controller board. 
(Refer to Section 6 for logic diagrams.) 
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TO 

CRT 

CONTROLLER 

BOARD 
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Figure 3-5 Graphics Video Controller Board Block Diagram 


The graphics video controller board uses the same number 
(720 horizontal x 300 vertical) on the screen as 
alphanumer i c s board. Each pixel can contain a maximum 


of pixels 
does the 
of three 


attribute 
conver t ed 
green . 


bits (labeled A, B, and 
by a palette look-up table to 


C). These attribute bits are 
three colors - red, blue, and 


Aspects of the graphics video 
section include: 


controller board described in this 
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* Pixel addressing 

* Color selection 

* Timing and synchr on i za t i on 

* Graphics logic array program 


3.5.1 Pixel Addressing 

Each dot on the graphics screen is a pixel. Each pixel has a 3-bi t 
value associated with it that selects one of eight palettes (0 - 7). 
Each palette is assigned one of eight colors, as determined by the 
contents of the latch. The latch is simply an array of eight 3‘-bit 
values. The palette number of each pixel is an index into that 
array. So, the color of a pixel is the color value of the latch 
entry that corresponds to the palette number of the pixel. Changing 
either the palette or the color assigned to the palette changes the 
color of that pixel. Changing the color assigned to a palette 
changes the color of every pixel with the same palette number. 

A plane is a block of memory containing 1 bi t for each pixel in the 
display. Each of the 3 bits assigned to a pixel is in a different 
plane. All three planes are formatted identically; only the segment 
address differs from plane to plane. The segment addresses of the 
three planes are COOO , C800, and DOOO. For example, if a bit 
assigned to pixel (x, y) is the fifth bit of memory location 
C000:mmmm, then the other two bits assigned to that pixel are the 
fifth bits of locations C800:mmmm and DOOOimmmm. 

In the following explanation, memory addresses refer to offsets into 
the segment of any of the three graphics planes. The diagram below 
shows the organization of graphics screen memory into pixels. Pixels 
are numbered (x coordinate, y coordinate) and are zero relative. 


Byte - 

Address | Pixels Represented 

0000-005B 1(8,0) - (15,0) I (0,0) - (7,0)|(24,0) - ( 31 , 0 ) | .( 1 6 , 0 ) - (23,0) 

005C-00B7 1(8,1) - (15,1)1(0,1) - (7,1)! 


Pixel (0,0) is the MSB of location 0001. 

The LSB of location 0001 is pixel (7,0). 

Pixel (8,0) is the MSB of location 0000. 

The LSB of location 0000 is pixel (15,0). 

Pixel (16,0) is the MSB of location 0003. 

The bytes are flip-flopped in this way so that if a move instruction i 
executed from a word in the graphics plane to a word register, the 
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register then contains 16 consecutive pixel bits in order from MSB to 
LSB- For example, if a MOV AX, ES : 0000 is executed (where ES 
contains the segment address of the desired graphics plane), the MSB 
of AX is pixel (0,0) and the LSB is pixel (15,0). With this scheme, 
45 words are necessary to represent the 720 pixels in each row of the 
display. There is one unused word at the end of each line, so a new 
row begins every 46 words, or 92 bytes. Line one ( zer o -r ela t i ve ) 
begins at byte address 92 decimal, 005CH. Therefore, pixel (0,1) is 
the MSB of location 005DH and pixel (8,1) is the MSB of location 
005CH (because the bytes are f 1 ip-f lopped ) . 

Example : 

To find the values of the rightmost 16 pixels on the bottom line of 
the display, 

299 (zero-relative number of last line on display) 

X 92 (bytes per line) 

88 (first word = 0, second word = 2, so 45th word * 88) 

~ 27596 (6BCC hex) 

So, MOV AX, ES:6BCC puts the values of the last 16 pixels on the 
display in AX, with the LSB of AX being the pixel in the lower right 
corner. 


The three graphics planes are named A, B, and C. The segment 
addresses of the planes A, B, and C are COOO, C800, and 0000, 
respectively. In determining the palette number of a pixel, the bit 
from the C plane is the most significant, the bit from the A plane is 
the least significant, and the B plane bit is in the middle. 

Example: 


To find the color of the pixel in the lower right corner of the 
display, first find the palette number assigned to it. 


The MSB of the 
the middle bi t 
the LSB of the 


palette number 
of the pale 1 1 e 
palette number 


is the LSB of 
number is the 
is the LSB of 


DOOO : 6BCC ; 

LSB of C800:6BCC; 
COOO : 6BCC 


Say, for example, that these three bits are 1, 0, and 1, 
r espec t i vely . Then the color of the lower right pixel is whatever 
color is assigned to palette 5. If the default color assignments are 
in effect, the color of the pixel is cyan . 


3.5.2 Color Selection 

Each of the eight entries in the latch has one bit for each of the 
three primary colors: green, red, and blue. The eight available 
colors are formed by combinations of those three colors, as listed in 
Table 3-12. 
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Table 3-12 Color Combinations 


Green Red 


Blue 


Color Color 


0 

0 

0 

0 

1 

1 

1 

1 


0 

0 

1 

1 

0 

0 

1 

1 


0 

1 

0 

1 

0 

1 

0 

1 


black 0 

blue 1 

red 2 

magenta 3 

green 4 

cyan 5 

yellow 6 

white 7 


To access the latch, you must write all eight bits of a particular 
primary color to the appropriate memory location for that color. You 
cannot change all three bits corr esponding to one palette number in a 
single write. The latch consists of three memory locations, one for 
each of the primary colors. These locations are: 


Blue latch 
Green latch 
Red latch 


DFOO : 0010 
DFOO : 0020 
DFOO : 0030 


You can write to these locations, but you cannot read from them. For 
this reason, it is necessary to maintain a memory image of the three 
color latches ifindividual palettes are to be changed. You are then 
able to change a single palette by setting the appropriate bits in 
the memory image to the desired value and updating all three color 
latches . 

Each of the three color bits of a palette is in the same bit position 
in all three color latches. However, the scheme for determining 
which bit in the latch is addressed by a pixel is not the same as 
that for determining the palette number. In determining the latch 
bit addressed by the three-bit value assigned to a pixel, the B plane 
value is the most significant and the C plane value is in the middle. 
The A plane value is still the least significant. Bit 7 is the MSB 
and bit 0 is the LSB of the color latch byte. Table 3-13 displays 
the cor respondence between the bits assigned to a pixel and the bit 
positions in any of the three color latches, and shows the comparison 
of these bit positions to the palette numbers. 
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Table 3-13 Bit Correlations 


B Plane 
Bi t 


C Plane 
Bit 


A Plane 
Bi t 


Latch Bit 
Addressed 


Pale 1 1 e 
Number 


0 

0 

0 

0 

1 

1 

1 

i 


0 

0 

1 

1 

0 

0 

1 

1 


0 

1 

0 

1 

0 

1 

0 

1 


0 

1 

2 

3 

4 

5 

6 
7 


0 

1 

4 

5 
2 
3 

6 
7 


Figure 3-6 shows this correspondence hor i zon t ally , so tha t the color 
latch byte appears as a byte register. 


B plane bit 
C plane bit 
A plane bit 


1 1 
1 1 
1 0 


1 1 
0 0 
1 0 


0 0 
1 1 
1 0 


0 0 
0 0 
1 0 


Latch bit addressed 

7 

6 

5 

4 

3 

2 

1 


Palette number 

7 

6 

5 

4 

3 

2 

1 

0 
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Figure 3-6 Color Latch Byte 


Example 


This example shows how to create a memory image of the default values 
of the three color latches. 

Combining information from Table 3-12 (the Color Combinations table), 
with information from Table 3-13 (the Bit Correlations table), yields 
the information necessary to construct Table 3-14. 
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Table 3-14 Default Values of Color Latches 


La t ch 

Palette Number 

Green 

Red 

Blue 

Bit 

( = 

Color Number) 

Bi t 

Bi t 

Bi t 

7 

7 

( whi t e ) 

1 

1 

1 

6 

6 

(yellow) 

1 

1 

0 

5 

3 

(magenta) 

0 

1 

1 

4 

2 

( red ) 

0 

1 

0 

3 

5 

(cyan) 

1 

0 

1 

2 

4 

(green) 

1 

0 

0 

1 

1 

(blue) 

0 

0 

1 


0 

( black ) 

0 

0 

0 

def aul t 

cond i t 

ion is pale t t e 

number = 

color number 

; therefore 

color latches are set as follows 





Green latch = 11001100 binary = CC hexadecimal at DF00:0020 
Red latch = 1111000 binary = fo hexadecimal at DF00:0030 
Blue latch = lOlOlOlO binary = AA hexadecimal at DF00:0010 

Example: 


This example lists the steps necessary to change palette three to 
yellow from the default condition (magenta). 


1. Find the desired palette number (three) in Table 3-14, then 
find the associated latch bit (five), 

2. Find the desired color (yellow) in Table 3-14, then find 
the bit settings (red = 1, green = 1," blue = 0). 

3. Set bit five in each of the color latches to the values 
determined in the previous step. This change creates the 
new values : 

Green latch = 11101100 binary = EC hexadecimal 
Red latch = 11110000 binary = FO hexadecimal 
Blue latch = 10001010 binary = 8A hexadecimal. 

4. Write the new values (from the previous step) to the three 
color latch addresses. (In this example, it is not 
necessary to change the red latch, because the value did 
not change . ) 
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3.5.3 Timing and Synchron i za t i on 

The same dot clock that generates internal timing for the CRT 
controller board clocks the graphics video controller board. 
Monitoring the display enable (DE) signal from the CRT controller 
board helps to synchronize the pixel outputs from the two boards. If 
the DE signal has been low for a long period, the graphics board 
assumes that the scan is in the vertical interval. When DE goes high 
again, the graphics board resets the graphic memory and scan counters 
to zero. When DE is low for a short period (horizontal retrace, for 
example), the scan counters are stopped. This places the last pixel 
on a line adjacent to the first pixel on the following line. 

The graphics video controller board gives the CPU essentially free 
access to the screen memory. During a single screen display cycle, 
the hardware can access the refresh memory twice -- once to read the 
data for screen display, and once for the CPU to read or write data 
if needed. To provide enough time for this access, a display cycle 
accesses 16 adjacent pixels of 3 attribute bits each. These are read 
in parallel and loaded into three 16-bit shift registers for display. 
After the memory has been read for screen display, the CPU access 
cycle starts when a read or write cycle is requested. The accessed 
memory is broken up into one of six separate bytes by properly 
decoding the enabling of bus buffers and write enable signals to the 
memory. 

Dynamic memory is used on the graphics video board because of the 
large amount of memory required. The memory chips are organized into 
16k X 4 bits and are packaged in an 18-pin, dual inline package 
(DIP). The 8 address lines are multiplexed into 256 row addresses 
and 64 column addresses to get to the 16 K locations in the memory. 
The addresses to the RAM also need to be multiplexed between the CPU 
and the refresh counter. Performing this four-way multiplexing are 
four 74LS153 dual 4-to-l multiplexers (U33 through U36). 

Figure 3-7 is a timing diagram for the graphics video controller 
board. A 74LS163 4-bit counter (U39) and a HAL16R8A-1 logic array 
(U41) generate the timing. A 74LS163 counter connected as a one-shot 
(U40), a 75LS00 gate (U44), and a 74LS04 gate (U4S) provide the stop, 
start, and reset logic for the refresh counter. 
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Figure 3-7 Graphics Video Controller Timing Diagram 
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X2 
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h 
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3.5.4 Graphi cs 
Programming for 
Table 3-15 


Logic Array Program 

the logic array is given in Table 3-15. 
Programming for the Graphics State Machine 
Inpu t 


HAL 


RD- XI LATEN- BUFEN- 

WR- X2 LATOE- SRLD- 

GSEL- ROW- RAS- GWAIT- 

Ou tpu t DE GRCLK CAS- DED- 


LATEN- L 4 . \ . . H L 

or . L L . . . . L 

or , L L 

or L L ..... . 

LATOE- L . L . H H H L 

or - L . L . . . . . 

or L L ..... . 

RAS- . . . . L H L H 

or . L L . . . L L 

or L . L . L H L L 

or . . . . H H L . 

or L H . 

or . . . . L H H . 

or L L 


CAS- H . 

or H . 



BUFEN- L . L . . . . L 

or . L L . H L L L 

or . L L . . . , L 

or L L 


SRLD- . . . . L H H H 

or L L 



GWAIT- L . L 

or . L L 

or L L 

— 

DED- ... H ... . 

or ... H ... . 



L 



— + — 4 -- — 

Legend: 

L = Low signal. 

H = High s i gnal . 


Cofflmen t 


Read 35,6,7,8 
Write S3 

Write 34 till not write 
All other ORs inactive 

Read 38 

Read 39 till not read 
All other ORs inac t i ve 

Refresh screen 311 
Write S3 
Read S3 

CPU 34, refresh 312 
CPU 35,6, refresh 313,14 
CPU 37, refresh 315 
( Inact i ve term) 

313,14,15,0,5,6,7,8 
All other ORs . 

Read 34,5,6,7,8 
Write 32 

Write 33,4,5,6,7,8 
All other ORs inactive 


315 

All other ORs inactive 


Read 

Write 

All other ORs inactive 


Delayed DE 
All other ORs . 
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When the logical AND of terms from one row of Table 3-lS is ORed with 
the AND of terms from another row, the output goes low when the 
result is true. 


3.6 WINCHESTER DISK DRIVE AND CONTROLLER OPTION 

The Winchester disk drive and controller board option consists of a 
controller board, cable and hardware, and a S- or lO-megabyte 
Winchester drive. Aspects of this option described in the following 
paragraphs include : 


* Winchester hardware theory of operations 
^ Register assignments 

ie Bit definitions for registers and ports 

* Controller status bit combinations 

* Normal command sequence operation 


3.6.1 Winchester Hardware Theory of Operation 

The Winchester controller is addressed by the 8088 as a block of four 
I/O ports: 0030H through 0033H. I/O reads are indicated by the bus 

signal lORC, and I/O writes are indicated by the bus signal AIOWC-. 

The controller can generate an interrupt to the host under one of the 
following conditions: 

^ When data is ready to be read from or written to the 
con t roller 

* When the operation is completed, and the controller is 
requesting a status read (C/D” = 1, I/O = 1) 

Both of the interrupt conditions can be individually disabled. When 
the interrupt is active, the computer’s interrupt line 6 is held high 
until it is cleared by a read to the controller status register. 

3. 6. 1.1 On-Board EPROM/ROM. A 4K x 8-bit EPROM/ROM contains the 
driver routines for the controller. Addressing this device causes 
the output to drive the data bus through a tristate buffer. The 
EPROM/ROM is at. memory address 0F8000H, Access time to either the 
EPROM or the ROM is less than 350 ns. 
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3,6. 1,2 Commands and Command Testing. The computer sends a 6~byte 
block to the controller to specify the operation- This block is the 
device control block (DCB). Table 3-16 gives the bit definition for 
the DCB. 

Table 3-16 Device Control Block Bit Diagram 


B 

IX NUMBER - + 

t|7|6l5|4l3|2|l|0| 

I 0 1 COMMAND CLASS 1 OPCODE | 

111 LOGICAL UNIT NUMBER | HIGH ADDRESS ( See Note 1 ) | 

.4.-. 4. .4 

|2| MIDDLE ADDRESS ( See Note 1 ) | 

I 3} LOW ADDRESS ( See Note 1 ) | 

|4| INTERLEAVE OR NUMBER OF BLOCKS ( See Note 2 ) 1 

1 5 1 CONTROL FIELD | 


Notes: 

1. Refer to paragraph 3. 6. 1.6. 

2. interleave factor for FORMAT, CHECK TRACK, and READ ID commands. 


3. 6. 1.3 Explanation of Bytes in the Device Control Block. The 6 
bytes that comprise the device control block are defined as follows: 

Byte Definition 

0 Bits 7, 6, and 5 identify the class of the command. Bits 

4 through 0 contain the opcode of the command. 

1 Bits 7, 6, and 5 identify the logical unit number (LUN) . 

Bits 4 through 0 contain logical disk address 2. 

2 Bits 7 through 0 contain logical disk address 1, 

3 Bits 7 through 0 contain logical disk address 0. 

4 Bits 7 through 0 specify the interleave or block count. 

5 Bits 7 through 0 contain the control field. 
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3. 6. 1-4 Control Field Detailed Description- Byte 5, the con t r ol 
field of the DCB, allows the user to choose options for several 
different types and makes of disk drives- The following listing 
defines the bits of the control byte- The step options are encoded 
in control byte 5 of the command descriptor- The encoding is done 
with bits 0 through 3 as given in Table 3-17- 

Table 3-17 Command Descriptor Byte 


Descript i on 


Bit No . 

3 2 10 


Default 3-ms step rate 
Seagate ST506 (MLC2) 

Tandpn fast-step_ 

Texas Instruments fast-step 
200-us buffered-s t ep 
70- us buffered-s t ep 
3 0 -"US buffered-s t ep 
IS-us buffered-s t ep 
Olivetti 2 ms/step (561) 
Olivetti (562) fast-step 
(1.1 ms typi cal ) 

Spare (for future use) 


0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 


0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

1 


0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 


0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

1 


To configure a drive for fast-step or buf f er ed-s t ep , refer to the 
manuf ac t ur er * s manual for instructions. If the drive is hardware- 
configured for fast-step, all commands requiring the seek option 
selection must use the fast-step option for that drive. 


NOTE 

The step option bits (3 through 0) are mutually 
exclusive. Select only one option for any 
conf igurat ion . 


Bits 4 and 5 are reserved for future use. 

Set bit 6 to 0 for regular operation. When this bit is set to 1 
during a read sector command, any failing sectors are not reread on 
the next revolution. 

Set bit 7 to 0 for regular operation. Setting this bit to 1 disables 
the four retries by the controller on all disk-access commands. Set 
bit 7 to 1 only during the performance evaluation of a disk drive. 
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3. 6. 1.5 Command Completion Status Byte, At the end of a command, 
the controller returns a completion status byte to the computer. 
This byte indicates whether or not an error has occurred during 
command execution. (If the error bit is set, and you want to know 
what caused the error, you must send the REQUEST SENSE STATUS 
command . ) 

The format of the completion status byte is : 


(MSB) Bit Number (LSB) 

I/O If 7| 6| S| 4| 3| 2| 1) Oj 

Addres s I I Don ' t {Don't |Drive |Don’t | Don ' t {Don’t {ErrorfDon't { 
0030 {{care {care {No. {care {care {care { bit {care { 

(read) j | ) I I i I I I I 


3. 6. 1.6 Logical Address (HIGH, MIDDLE and LOW). The logical address 
of the drive is computed by using the following equation: 


Logical Address 


(CYADR X HDCYL ♦ HDADR) X SETRK SEADR 


Where : 


CYADR 

HDCYL 

HDADR 

SETRK 

SEADR 


Cylinder address 

Number of heads per cylinder 

Head address 

Number of sectors per track 
Sector address 


3. 6. 1.7 Sector I n t er leavi ng . The disk controller supports variable 
sector i n t er leavi ng . When a format command is issued, an interleave 
value can be passed in byte 4 of the device control block (DCB). The 
maximum interleave value is the number of sectors per track minus 1. 
When transferring multiple data sectors, the interleave factor can be 
adjusted to achieve maximum system performance. 

The practice of interleaving involves mapping logical continuous 
sectors of data from a given track onto nonadjacent physical sectors. 
For example, an interleave factor of 5 means that every fifth 
physical sector is transferred as the next logical continuous data 
sector. It does not mean that five sectors of data are transferred 
on one revolution. 

If the interleave factor is too low, the CPU cannot transfer the full 
sector of data during the sector-in terleave time available. The 
controller has to wait one full revolution before reading the next 
logical sector from the disk. Increasing the interleave factor 
increases the system's operating speed. 

The operating system should perform mul t iple-sec t or data transfers to 
take full advantage of the controller’s interleaving feature. In 
single-sector transfers, the differences in speed between various 
interleave factors is probably not noticeable. 
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3.6.2 Register Assignments 

The register assignments for the I/O ports of the Winchester 
controller are given in Table 3-18. 


Table 3-18 Winchester Controller I/O Port Assignment 


Address 

— - 

1 

1 

In 

Func t i ons 

1 

1 

Ou t 

1 

1 

1 

0030H 

- « 4. « - 
} 

Data IN port 

1 Data 

OUT port 

1 


) 0031H I Status register | RESET j 


I 0032H I Not used | Not used f 


) 0033H } Not used | Interrupt mask | 


An IN function gets data from the Winchester controller board and 
puts it on the computer's I/O expansion bus. Conversely, an OUT 
function sets data from the computer's I/O expansion bus onto the 
Winchester disk controller board. 

For byte definitions of the registers, refer to the I/O memory map 
given in Table 2-1. 

For pin-outs of the Winchester cable, refer to paragraph 3.6.20, 
Electrical Interface. 
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3. 6. 2.1 Data Input Port. Disk read data and controller sense bytes 
pass through this register to the computer. The data is held for 
each handshake cycle. The format is as follows: 

(MSB) Bit Number (LSB) 

1716|5|413| 2|i|0| 

I I I I I I I I i 

I DATA 7 I DATA 6 1 DATA 5 | DATA 4 | DATA 3 | DATA 2 | DATA 1 | DATA 0 | 

I I I I I i I I I 

3«6«2.2 Data Output Port. Command bytes and disk data pass through 
this register to the controller. Data is latched until updated by 
the CPU. The bi t arrangement is as follows: 

MSB BIT NUMBER LSB 

I ^ I 6 I 5 1 4 I 3 I 2 I 1 I 0 I 

I I I I I I I i I 

I DATA 7 ) DATA 6 | DATA S j DATA 4 \ DATA 3 | DATA 2 | DATA 1 | DATA 0 | 

I I I I I I I I I 


I/O 

Port 

Address 

0030 

(write) 


I/O 

Port 

Address 

0030 


3,6.2. 3 Controller Status Register. This register stores the 
controller status. It enables the CPU to read the controller status 
and to monitor the controller operation. The controller status byte 
is defined as follows: 


I/O 
Port 
Address 
0031 
( read ) 


MSB BIT NUMBER LSB 

I 7 I 6 I 5} 4 I 3 I 2 I 1 I 0 i 

1 Don't I Don't | Don't | Don ' t | Don't | COMMAND) INPUT/ 1 DATA 1 

I care } care j care | care j care j /DATA | OUTPUT 1 REQUEST } 

I I I I I I II I 


3. 6. 2. 4 Reset Port. This byte resets the controller. Any write to 
port 0031 causes a reset. Reset clears each error status, aborts all 
operations, and places the Winchester controller in the command 
receive mode. The byte definition follows: 

MSB BIT NUMBER LSB 

|7|6|5|413| 2|l|0l 

I Don't I Don't | Don ' t | Don ' t ) Don ' t | Don't |Don't [Don't | 

jcare Jcare [care jcare jcare ) care jcare |care j 

i I I I I I II I 


I/O 

Port 

Address 

0031 

(write) 
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3c6.2.5 Interrupt Mask. This is a 2-bit field that determines which 
interrupts are to be serviced by the CPU. The interrupt mask byte 
definition follows: 

MSB BIT NUMBER LS B 
17)61 5)4) 3) 2) 1)0 I 

I Don’t I Don’t | Don ’ t {Don’t {Don’t {Don’t {DATA {STATUS { 
{care {care {care {care {care {care {INTR. {INTR. { 
){{({{ { ENABLE { ENABLE ) 


3. 6. 2. 6 Error Status Byte. This special byte is available only 
after the completion of a command. The controller sets the I/O and 
C/D bits wlfh DRQ to indicate that this byte is available. A 
definition of the error status byte follows: 


I/O 
Port 
Address 
0033 



MSB 



BIT 

NUMBER 



LSB 

I/O 

II 7 

1 6 

1 5 

1 4. 

1 3 

1 2 

1 1 

1 0 1 

Port 

) = 



II 

II 

It 

II 

II 

II 


S 4> = 5 = = = S 

4* S S K S SS 

4 2ESSSSS4 

Address 

1 I Don ' t 

I Don • t 

1 Dr i ve 

1 Don * t 

j Don ' t 

{ Don ’ t 

1 Error 1 Don * t ) 

0030 

1 1 care 

1 care 

1 No . 

{ care 

1 care 

j care 

1 bi t 

1 care { 

( read ) 

1 1 

1 

1 

1 

1 

1 

1 

1 1 


{ *f> s s s s s 

S •#. =5 S = SS = 

= = = s = s = 


: ^ s s s s s s 

S 4- = S S S SS = 

4 = S S = S 

4SSSSSSS 4 


3.6.3 Bit Definitions for Registers and Ports 

Table 3-19 gives the definitions of bits for the Winchester 
controller registers and ports. 
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Table 3-19 Bit Definitions for Controller Registers and Ports 


Logical State 


Data 
Bi t 

DATA 0-7 
READ or 
WRITE 


DATA 

REQUEST 


INPUT/ 

OUTPUT- 


COMMAND/ 

DATA- 


STATUS 

INTERRUPT 

ENABLE 


DATA 

INTERRUPT 

ENABLE 


Data true ; data high ; 
logical one >= 2.4 V 




Data bit = 1 


Commands, status, or data 
ready to be„ transferred 
to or from controller. 


The CPU reads data or 
status from the controller. 


When INPUT/OUTPUT- is high, 
status is sent to the CPU. 

:kicicitiicitiicitiic'kii:'k'kiii:ik'k'kici:itik'k'kic'kilc'k'k 

When INPUT/OUTPUT- is low, 
commands are sent to the 
con t r oiler . 


Controller interrupts the 
CPU after the CPU completes 
the current command and is 
ready to return the status 
byte . 


Controller interrupts the 
CPU when data needs to be 
read from or written to 
the con t roller . 


Data false ; data low 
logical zero <= 0.7 V 


Data bit ~ 0 


No command, status, or 
data transfers to or from 
controller . 


The CPU writes data or 
commands to the controller 


When INPUT/OUTPUT- is high, { 
data is sent to the CPU. f 

'k -k 'k * ic ie k k kkkkkkkkkkkkkkkkkkkkj 

When INPUT/OUTPUT- is low, f 
data is sent to the f 

controller. i 


Mo status interrupt 
permi 1 1 ed . 


No data interrupt 
permi 1 1 ed . 
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3.6.4 Controller Status Bit Combi na t a on i 


Table 3-20 Valid Bit Combinations for Controller Status 


COMMAND/ t INPUT/ ) DATA 
DATA j OUTPUT I REQUEST 

-=s = = = = s:=:=s4-=:s = = =s=: = 4-=: = =: = = = =: 


0 h o 


4>S5s = ss = =: = = + = = = = =; = =' 




0 I 1 


0 I 1 


•l- = ssss=; = s<4>: 


I 1 


1 I 0 


4*=:=: = =:s = =:ss = s = : 


Meaning of Pattern 


Not valid 


A data byte may be sent from the CPU 
to the Winchester controllerc The 
controller waits for data to be written. 


Not valid 


A data byte may be sent to the CPU 
from the Winchester controller. The 
controller waits until data is read. 


Hot valid 


Command bytes may be sent to the 
Winchester controller from the GPU, 




Not valid 


A status byte may be sent from the 
Winchester controller to the CPU. 


3-42 


TECHNICAL REFERENCE 


HARDWARE OPTIONS 


2 6 5 
Fi g ur 8 


WAIT1 


Normal Command Sequence Operation 

J-e depicts the logical flow of the controller functions. 


^ START ^ 



I OUTPUT COMMAND 
BYTES TO 
CONTROLLER 
(WRITE TO 
PORT 0030) 


WAIT1 


HARDWARE 

FAULT 



2 


i 

WRITE OR READ 
CONTROLLER DATA 
(READ/WRITETO 
PORT 0030) 

RESET THE 
WINCHESTER 
CONTROLLER 
WRITE TO PORT 31 


I 



WAIT1 


2223216-20 


Figure 3-8 Controller Operational Flowchart 
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3.6«6 Detailed Description of Commands 

The commands fall into eight classes 0 through 7; however, only 
classes 0 and 7 are used. Classes 1 through 6 are reserved. Class 0 
commands are data, non-data transfer, and status commands. Class 7 
commands perform diagnostics. 

Each command is described in the following paragraphs . The command 
description includes class, opcode, and format. ""Don't care"" bits 
are shown as ""unused."" 

3.6.6. 1 TEST DRIVE READY Command . This command selects a particular 
drive and verifies that the drive is ready. The following diagram 
shows the format of the device control block for this command: 

B 

y 

e| 7| 6| 5|4 |3 |2 |i |0 | 

I 0 I 0 I 0 I 0 I 0 I 0 I 0 jo I 0 I 

4 ._ ^ ^ ^ ^ 

I 1 I 0 i 0 I DRIVE I unused I unused i unused I unused I unused I 

,4. 

I 2 |unused{unused|unused|unused}unused|unused|unused|unused| 

.-.-4.- 4. 4.-. 4. «-«-.«4. 

I 3 |unused}unused|unused{unusedtunused|unused| unused | unused | 

.*4. --.-.4.- 

j 4 {unused|unused|unused|unused|unused|unused|unused)unused| 

,4. ,-«-.^4,« ... 4.« — 4»^« 4 

I 5 |unused|unused|unused|unused|unused|unused|unusediunused) 


To determine that a drive has completed seeking before issuing the 
next command, use the TEST DRIVE READY comma4nd with overlapped seeks. 
(Refer to the paragraph entitled ""SEEK Command"" in this section.) If 
the drive is still seeking, the end-of -command status byte indicates 
an error, and the sense status indicates ""drive still seeking."" This 
is a type 0 error, code 8. Sequential TEST DRIVE READY commands 
determine when the drive is ready to accept another command. 
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3. 6. 6, 2 RECALIBRATE DRIVE Command. This command places the 
read/write (R/W) arm at track 000. Bit definitions for this command 
are as follows: 


B 

y 

t 



+-e-+==== 

I 0 I 0 


bit number- 

} Bit 6| Bit S| Bit 4 | Bit 3f Bit 2| Bit 
I 0|0 |0 f O |0 |0 


1 


Bit 0 I 
=====+ 

1 I 


|,1 I 0 I 0 I DRIVE I unused I unused I unused I unused I unused I 

— — — .-4.-.-- .4. — 4.-.»-.« — ».4. 

I 2 |unused|unused|unused}unused|unusedjunu9ed|unused|unused| 

I 3 I unused | unused | unusedj unused j unused | unused) unused) unused) 

4.«-.«4.-- - 4.«».- ,4.«-„«. - + 4. ^ ,-«4.-.^ ,«4» 

I 4 )unu5ed)unused)unusedjunused)unused)unused)unused)unused) 

4,«.«.-.4».^ ,4.-. --,.--.4.-.--.-.-»«4- 


) S ) RETRY?) 0 ) 0 ) 0 )STEP 3 ) STEP 2 ) STEP 1 ) STEP 0) 


3.6.6. 3 REQUEST SENSE STATUS Command . The computer sends this 
command immediately after it detects an error. The controller then 
returns 4 bytes of drive and the controller status. The formats for 
these 4 bytes are shown after the OCR. Definitions of these bytes 

follow . 

B 

y number--------- 

t ) 7 j Bit 6) Bit 5) Bit 4) Bit 3) Bit 2) Bit 1) Bit 0) 

|0| 0| 0|0 |0 |0 |0 |1 |1 I 

4.«.-.-.4.««« ,«4,-. — 4, 4. 4. 

) 1 ) 0 ) 0 ) DRIVE ) unused j unused ) unused ) unused ) unused ) 

4. 4.-.-»«.-.««4..^ .«-.4.«« .4.«.« - 4“ ----4.-- .4.--«-_»4.a--.«.--,«4» 

) 2 junusedjunused)unusedjunused)unused)unused)unused)unused) 

4.«. ^4.-. .4.. ,«4. ... ..4. -.4.«..« .4.«- -4.--.^ -..-4. 

) 3 junusedjunusedjunused)unused)unused)unused)unusedjunused) 

4. 4. ^..4... 4. .-4...« .-4. 

) 4 )unused)unused)unused)unused)unused)unused)unused)unused) 

4. ,4. ^4. 4. 4, 4 --- 4 -- - 4 « 4 - 4 “ 

) 5 )unu5edjunused)unused)unused)unused)unused)unused)unused) 

4- 4 - 4 - + 4 - - 4 - >- 4 - -4.--. -4. .4. 

Bit 7, the address valid bit in the error code byte, is relevant only 
when the previous command required a logical block address. In this 
case, it is always returned as a 1; otherwise, it is set to 0. For 
instance, assume that a RECALIBRATE command is followed immediately 
by a REQUEST SENSE STATUS command. The address valid bit could be 
returned as 0 because the command does not require a logical block 
address to be passed in its DCB. 
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The format for the sense bytes returned is as follows: 


B 

y BIX HUMBER ^-4= 

t| 7|6|S|4|3|2|1|01 

! 0 I ADDRESS? I 0 1 ERROR TYPE | ERROR CODE I 

ill 0 I 0 {DRIVE I HIGH ADDRESS (see Note) j 

I 2 j MIDDLE ADDRESS (see Note) } 

V — — — — — — — — — — — - — — - + — - — — — — — 4> — — — — — — - + ~ — — ~ — — — — — — — — — 4’ 

i 3 I LOW ADDRESS (see Note) | 

+ — - — + — — — __4. + 4. _-.___4.___-. ._4= 


NOTE: Refer to paragraph 3. 6. 1.6. 


When an error occurs on a multiple-sector data transfer (read or 
write), the REQUEST SENSE STATUS command returns the logical address 
of the failing sector in bytes 1, 2, and 3 . I f the REQUEST SENSE 
STATUS command is issued after any of the format commands or the 
CHECK TRACK FORMAT command, and if no error exists, the logical 
address returned by the controller points to one sector beyond the 
last track formatted or checked. If an error does exist, the logical 
address returned points to the track in error. Table 3-21, Table 3- 
22, and Table 3-23 list the types 0, 1, 2, and 3 error codes. Table 
3-24 summarizes the error codes returned by the REQUEST SENSE STATUS 
command . 


Table 3-21 Type 0 Error Codes, Winchester Disk 
Code Definition 

OH The controller detected no error during the execution 

of the previous operation. 

IH The controller did not detect an index signal from the 

dr i ve . 

2H The controller did not get a SEEK COMPLETE .signal from 

the drive after seek operation. 

3H The controller detected a write fault from drive during 

last operation. 

4H After the controller selected the drive, the drive did 

not respond with READY signal. 

SH Not used. 

6H After stepping maximum number of cylinders, controller 

did not receive track 00 signal from the drive. 
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Table 3-22 Type 1 Error Codes, Controller Board 


Hex 


Code 

Message 

Def ini t i on 

OH 

ID Read 
Err or 

The controller detected an ECC error in 
the target ID field on the disk. 

IH 

Data 

Error 

The controller detected an uncorrec table 
ECC error in the target sector 
during a read operation. 

2H 

Address 

Mark 

The controller did not detect the target 
address mark (AM) on the disk. 

3H 

Not used. 


4H 

Sector Not 
Found 

The controller found the correct cylinder 
and head, but not the target sector. 

5H 

Seek 

Error 

The controller detected an incorrect 
cylinder or track, or both. 

6H 

Not used. 


7H 

Not used. 


8H 

Correctable 
Data Error 

The controller detected a correctable 
ECC error in the target data field. 

9H 

Bad Track 

The controller detected the bad track 
flag during the last operation. 

AH 

Format Error 

During a CHECK TRACK FORMAT command, the 


controller detected one of the following: 
* Track not formatted 


* Wrong interleave 

* ID ECC error on at least one sector 


3-47 



TECHNICAL REFERENCE 


HARDWARE OPTIONS 


Table 3-23 Types 2 and 3 Error Codes, Command and Ml scellaneous 


Code 

Type 

Message 

Definition 

OH 

2 

I nval i d 
Command 

The controller received an 
invalid command from the host. 

IH 

2 

Illegal Disk 
Address 

The controller detected an 
address beyond the maximum range. 

OH 

3 

RAM Error 

The controller detected a data 
error during the RAM sector 
buffer diagnostic. 

IH 

3 

Program Memory 
Checksum Error 

During its internal diagnostics, 
the controller detected a program 
memory checksum error. 

2H 

3 

ECC Polynominal 
Error 

During the controller's internal 
diagnostics, the hardware ECC 
generator failed its test. 
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Error Code 


Table 3-24 Error Code Summary 
Mean ing 


OOH 

OlH 

02H 

OSH 

04H 

OSH 

06H 

07H-0FH 

lOH 

IIH 

12H 

13H 

14H 

15H 

16H-17H 

18H 

19H 

lAH 

IBH 

ICH 


No error detected (command completed OK). 

No index detected from disk drive. 

No seek complete from disk drive. 

Write fault from disk drive. 

Drive not ready after it was selected. 

Hot used. 

Track 00 not found. 

Not used. 

ID field read error. 

Uncor r ec table data error. 

Address mark not found. 

No t used . 

Target sector not found. 

Seek error . 

No t u sed . 

Correctable data error. 

Bad track flag detected. 

Forma t error . 

Not used . 

Illegal (direct) access to an alternate track 
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Table 3-24 Error Code Summary (Concluded) 
Error Code Meaning 


On a FORMAT ALTERNATE TRACK command, the track 
is already assigned or is flagged as a bad track. 

When the controller attempted to access an 
alternate track from a spared track, the 
alternate track was not flagged as an alternate. 


On a FORMAT ALTERNATE TRACK command, the 
bad track equaled the alternate track. 

20H ~ Invalid command- 

21H Illegal disk address. 

22H-2FH Hot used . 

30H Ram diagnostic failure. 

31H Program memory checksum error. 

32H ECC diagnostic failure. 

33H-3FH Not used . 


Note: The Address Valid bit (bit 7) may or may not be set and is 

not included here. 



IDH 

lEH 

IFH 
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3. 6. 6. 4 FORMAT DRIVE Command . This command uses the selected 
interleave factor to format all sectors having ID and data fields, 
and writes 6CH into data fields. The controller formats from the 
starting address, which is passed in the command, to the end of the 
disk. 

Setting bit 5 (from control byte 5 of the command block) with the 
FORMAT DRIVE command causes the sector buffer to be used as the data 
pattern written on the disk data fields. 

To initialize the sector buffer, issue the WRITE SECTOR BUFFER 
command before the FORMAT DRIVE command. Byte definitions are as 
follows : 


B - . . 

y+_ — + ^._B IT NUMBER - + ^ 

t|7|6l5|4|3|2ll|0| 

|0|0|0|0|0|0|l|0j0j 

}1| 0 I 0 j DRIVE I HIGH ADDRESS ( Note 1 )| 

\ 2 \ MIDDLE ADDRESS ( Note 1 )| 

|3| LOW ADDRESS ( Note 1 )| 

♦ - + — - 4 - — - — — . 4 ,___~___ 4 ._-._____ 4 , 

|4| 0 ! 0 j 0 I INTERLEAVE FACTOR ( Note 2 )| 

4 > - 4 ^ ------- 4 ^ 4 > ----- - - 4 > - — — - — 4 - 

|5| RETRY? 1 0 1 0 | 0 | STEP 3| STEP 2| STEP ll STEP 0| 

4 -- 4 ----- - 4 - — — --- 4 - — 4 - — --- — 4 - 4 ._______.^ 


Notes : 

1. Refer to paragraph 3. 6. 1.6. 

2. Factor is number of sectors per track minus one. 
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3. 6, 6. 5 CHECK TRACK FORMAT Command. This command checks the format 
on the specified track for correct ID and interleave. The command 
does not read the data field. The byte conf igurat i on is as follows: 

B 

IX NUMBER 

t|7!6|S|4|3|2|l|0i 

lOf 0 I 0 I 0 I 0 I 0 I 1 I 0 I 1 ! 

♦ - + — ____-_4._______4.___ __4.________4._____4.__ ,___ 4 . 

|li 0 I 0 lORIVE I HIGH ADDRESS (See note I ) | 

4._.4 .___4._______4._ — — --4. 4.___ — — -_ 4 .-___ _ 4 ._______ 4 ._______ 4 , 

|2| MIDDLE ADDRESS (See note 1) j 

4.-4.- .____4_ __-4.___- 4.___ __4__ 4. ____4._______4._______4. 

|3| - - loH address (See note 1) ! 

4 ._ 4 ._______ 4 ._______ 4 ._______ 4 ._______ 4 ._____ 4 ._______ 4 ._______ 4 .__ .__„ 4 , 

|4{ 0 j 0 i 0 I INTERLEAVE FACTOR (See note 2) | 

IS I RETRY? I 0 I 0 I 0 I STEP 3 f STEP 2 1 STEP 1 | STEP Oj 

Notes: 

1. Refer to paragraph 3. 6. 1.6. 

2. Factor is number of sectors per track minus one. 


3-52 



TECHNICAL REFERENCE 


HARDWARE OPTIONS 


3. 6. 6. 6 FORMAT TRACK Command . The FORMAT TRACK command reformats 
the track, eliminating all references to bad and alternate tracks. 
Setting bit 5 from control byte 5 of the command block causes the 
sector buffer to be used as the data pattern in the data fields. 
Otherwise, the command writes 6CH in the data fields. The byte 
definitions are as follows: 

B 

♦ -h-B IT NUMBER + + - 

t|7|6|S|4)3|2|l|0j 

)0j0|0|0|0j0|l|ll0i 
+ + — 


jlj 0 } 0 IDRIVE I HIGH ADDRESS (See note 1) | 


^ ^ . 

" - - 

- - 4 - — - 


- - - 

— - - - 

4 - 



,-4, 


--4 — 

— — 4 * 

|2j 





MIDDLE 

ADDRESS 

(See 

note 1 ) 



! 





- - 4.- 


. . . 4 . 



-4 ,«,««4, 


-- 4 ----- 

« 4 

|3| 






LOH 

ADDRESS 

(See 

note 1 ) 



1 

4 . « ^ - 



- - 4. - - 


. » 4 - 


“ — - 4 - 



»4 



«- 4 -- 

— 4 

| 4 | 

0 

1 

0 

1 

0 

1 

INTERLEAVE FACTOR 

(See 

note 2) 

1 

4. - 4. - 


. - 4. . 


- - 4 - 


4. 


------ 





- » 4 

|S| 

RETRY? 1 

0 

1 

0 

1 

0 1 

STEP 

3| STEP 2| 

STEP 

1 I STEP 

Oj 

4. . 4. . 

. « 

- - 4 » - - 


^ - 4 - 

— 

4 <. 



_ 4 4 , 



4 


No tes : 

1. Refer to paragraph 3. 6. 1.6. 

2. Factor is number of sectors per track minus one. 
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3. 6 *6. 7 FORMAT BAD TRACK Command. This command formats a specified 
track, setting the bad sector flag in the ID fields. No data fields 
are written. The byte definitions are as follows: 


B 

IT HUMBER ^ 

t|7|6|S)4i3|2 |l|0! 

|o!o|o|ojo|o|ijijij 

|1| 0 I 0 IDRIVE I HIGH ADDRESS (See note 1) } 

i2| HIDDLE ADDRESS (See note 1) j 

|3! - - Lojj ADDRESS (See note 1) | 

|4| 0 I 0 } 0 I INTERLEAVE FACTOR (See note 2) | 

1 5 1 RETRY? I 0 I 0 I 0 I STEP 3 1 STEP 2 1 STEP 1) STEP 0 1 


NOTES : . 

1. Refer to paragraph 3. 6. 1.6. 

2. Factor is number of sectors per track minus one. 
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3. 6. 6. 8 READ Command . Starting with the sector address given in 
this command, the controller reads a specified number of sectors. 
The byte definitions are as follows: 


B 

IT HUMBER ^ ^ 4- 

t|7|6l5|4|3|2|l|0| 

|0|0|0|0|0jil0|0|0! 

ill 0 I 0 I DRIVE I HIGH ADDRESS (See note 1) | 

4.__ — _ — , — _ — 4. — — 4. _ 

j2| MIDDLE ADDRESS (See note 1) | 

|3| ' ~~ LOH ADDRESS (See note 1) j 

4^ — 4. — - — ,4_ — — — - — - 4- -,- — — — — 4. _4_______4_______4_______4 

I 4 1 BLOCK COUNT | 

4-.4____-.__4 _____4_______4_______4_______4__ ___4_______4_______4 

|S| RETRY?! Note 2 1 0 | 0 | STEP 3j STEP 2j STEP 1| STEP Oj 

4_4_______4_______4_______4_______4_______4_______4_______4_______4 


Notes: 

1. Refer to paragraph 3. 6. 1.6. 

2. If this bit is set in the READ command and an ECC error is 
found, retry the command. 

3. 6. 6. 9 WRITE Command. This command writes the specified number of 
sectors, starting with the initial sector address contained in the 
DCB. Byte definitions are as follows: 

B 


y*- 

• ^--4«« 



--♦-B I T 


NUMB 

1 

1 

1 

1 

1 

1 

4 

1 

til 

« 4 - 



ti 

7 ! 

6 

1 5 

1 

4 1 

3 1 2 

1 

1 

! 0 j 


II 

II 

4 

II 

II 

II 

II 

II 

II 

s s a 


; 4 a 


aaaaaa4aaaaaa 

a4a 

a a a a 

II 

II 

4 

II 

II 

II 

II 

II 

II 

II 

4 

|0| 

0 1 

0 

1 0 

1 

0 I 

1 1 0 

1 

i 

J 0 ! 

4> •“ — • 


--- 


• 4 - 




4 


Ml 

0 I 

0 

{DRIVE 

1 


HIGH ADDRESS 

(See note) j 

4 4 4 . 




> 4 - 



» 4 • 



|2| 



MIDDLE 

ADDRESS 

(See note) 



1 






. 4 - 



«4«. 

— 

• — 4 . 4 . « — 4 

|3| 



LOH 

ADDRESS 

(See note) 



1 

4-4- 




• 4 - 



-4- 




Ml 




BLOCK COUNT 



i 

4-4- 


— 


, 4 - 

4« 


• 4 . 

— 


|5| 

RETRY? ) 

0 

) 0 

1 

0 1 

STEP 3| STEP 

2| 

STEP 

1 1 STEP 0 ! 

4- 4 - 


— 


■4- 



- 4 - 



Note 

: Refer 

to 

paragraph 

3 • 

6.1.6. 
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3*6.6.10 SEEK Command. This command initiates a seek to the trac 
specified in the DCB. The drive must be formatted. The byte 
definitions are as follows: 


B 

IT NUMBER ^ ~ 

t|7|6lS|4l3|2|l|0| 

j0|0|0|0|0|l|0|i|ll 

)1| 0 I 0 I DRIVE I HIGH ADDRESS (See note)| 

+ - + ___ + + _ 

|2| MIDDLE ADDRESS (See note) | 

+ + + + — - + — + 

|3i - ADDRESS (See note) | 

4.-4. ___4._______4._______4. 4 4 __4.____.___4. 

i4| U H U S E D I 

|S| RETRY? I 0 I 0 j 0 I STEP 3| STEP 2j STEP 1| STEP 0| 
Note: Refer to paragraph 3. 6. 1.6. 


For drives using buffered seeks, SEEK commands can be overlapped. 
After the controller issues a SEEK to the drive, it does not wait for 
the drive to complete the SEEK, but returns a completion status. If 
the return status shows no error, then the SEEK was issued correctlyv 
If there is an error, then the SEEK was not issued. After 
transferring the status, another command can be issued to either 
drive. If a drive with an outstanding SEEK receives a new command, 
the controller waits (holding BUSY active) until. the SEEK completes 
before executing the new command. (See the section entitled "TEST 
DRIVE READY Command” for a special case.) There is no time-out 
condi t i on in the controller wai t ing for the buf f er ed-s t ep SEEK to 
complete. 


) 
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3.6.6.11 IMITIALI2E DRIVE CHARACTERISTICS Command. This command 
enables the controller to work with drives that have different 
capacities and characteristics. However, both Winchester drives must 
be of the same manufacturer and model number. 

After the computer sends the command (DCB) to the controller, it 
sends an 8-byte block of data containing the drive parameters. Some 
of the parameters occupy 2 bytes; all 2-byte parameters are 
transferred with the most significant byte (MSB) first. The 8 bytes 
are : 

C = Maximum number of cylinders (2 bytes) 

E = Maximum ECC data burst length (1 byte) 

H = Maximum number of heads (1 byte) 

P = Starting write precompensation cylinder (2 bytes) 

W = Starting reduced write current cylinder (2 bytes) 


When the controller is powered up or reset, the following default 
values are set : 


Maximum number of cylinders (C)= 153 
Maximum ECC data burst length (E)^ ii bits 
Maximum number of heads (H)= 4 

Starting write precompensation cylinder (P)*64 
Starting reduced write current cylinder (H)^ 128 


The parameter for the maximum ECC burst length defines the length of 
a burst error in the data field that the controller is to correct. 


The burst length is 
error bit to the 
detects a 5-bit ECC 
correction) as C5 


defined as the number of bits 
last error bit. For example, 
error and the erroneous data 
(1100 0101), it could appear 


after the correction. However, if the CPU has set 
burst length at 4 bits, the controller might 
uncor rec table . This is a type 1, code 1 error. 


from the first 
if the controller 
appears (before 
as D4 (1101 0100) 
the maximum ECC 
flag this data as 
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Byte definitions for the INITIALIZE DRIVE CHARACTERISTICS command are 
as f ollovs : 

B 

y 

t ^ ---bit number + 

e I 7 I Bit 6| Bit 5| Bit 4| Bit 3| Bit 2| Bit I| Bit 0| 

|Oj 0| 0|0 |0 11 |1 |0 10 1 

1 1 1 unused 1 unused 1 unused 1 unused 1 unused 1 unused 1 unused 1 unused 1 

4.---4.------ + — - + ----+.-_---_4.----_- + -_ — - 4.- — - -- -4. 

1 2 1 unused 1 unused 1 unused 1 unused 1 unused 1 unused 1 unused 1 unused 1 
I 3 |unu5ed|unused|unused)unu5ed|unused|unused|unused|unused| 

4. . .. . 4. «««4I -.4. -4---.-- 4.- ««.-.-.4.-.««--.-.4- 

I 4 |unu5ed|unused|unused|unu5ed|unused|unused|unused|unused| 

4 .-,-- 4 .-.«-.--* 4 »^,^ .^.4. . 4 .«.««-.-.« 4 .- — 4 .--.-.a.«« 4 .«_««.a-- 4 .«--«-- 4 . 

I 5 |unused|unused|unused|unused|unused|unused{unused}unused{ 

Byte definitions for the drive parameter bytes (passed to the 
controller after the INITIALIZE DRIVE CHARACTERISTICS command has 
been issued) are as follows: 


B 

.«-4.-b it number ^- 1 ..^ 

t|7|6|5|4|3|2|l|0 

|0j MAXIMUM NUMBER OF CYLINDERS: MSB 

I 1 I MAXIMUM NUMBER OF CYLINDERS : LSB 


|2| 0 I 0 I 0 i 0 t MAXIMUM NUMBER OF HEADS 


1 

1 

1 

+ 

1 

4 


--4. 

- - 4 - 

“ — — - 4 - -- - 






| 3 | 

4 * - 4 - - - - 

STARTING 

REDUCED 

WRITE 

CURRENT 

cylinder: 

MSB 

-~4 — - 

- « 4. - - - 


|41 

4 - 4 - - - 

STARTING 

REDUCED 

WRITE 

- - 4 - - - - - 

CURRENT 

cylinder: 

LSB 

0-4. 




|5| STARTING WRITE PRECOMPENSATION CYLINDER: MSB 

|6| STARTING WRITE PRECOMPENSATION CYLINDER: LSB 

4 »-. 4 .---. 4 - 4 .-----.-- 4 .-- 4.--- -4.- ^4. -4- 

\ 7 \ 0 I 0 j 0 1 0 I MAXIMUM ECC DATA BURST LENGTH 

4.-4.-. 4. 4. .c_««.4. 4.--.« 
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3.6.6.12 READ ECC BURST ERROR LENGTH Command. This command 
transfers 1 byte to the CPU. This byte contains the value of the ECC 
burst length that the controller detected during the last READ 
command. This byte is valid only after a correctable ECC data error, 
type 1, code 8. Byte definitions are as follows: 


B 

y 

t ♦ bit NUMBER-- ♦ 

e I 7 ) Bit 6| Bit S| Bit 4| Bit 3) Bit 2 } Bit 1| Bit 0| 

|0| 0| 0|0 |0 |1 |1 |0 jl ) 

^ ^ ^ ^ ^ — ,4. 

I 1 I unused|unused|unused|unusedjunused|unused|unu5ed|unused| 

^ ^ <♦» --4.-. 

j 2 |unused|unused|unu3ed|unu5ed|unused}unused|unu5ed|unused) 

I 3 |unused|unused|unused|unused|unused|unused|unused|unused| 

I 4 |unused|unused|unused|unused|unused|unusedfunu5ed|unused| 

4. — ^ ^ ^ ^ •4.-. — 4 .-. — «.-. — — — 

I 5 |unused|unused|unu3ed|unused|unused|unusedjunused|unused| 
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3.6.6.13 FORMAT ALTERNATE TRACK Command. The FORMAT ALTERNATE TRACK 
command formats the header fields of the ’*bad track'* with the 
alternate track information (assigned by the CPU). The alternate 
track is formatted to identify it as an alternate. The command byte 
definitions for FORMAT ALTERNATE TRACK are as follows: 


B 

IX NUMBER 

t|7|6)S|4|3|2jl|0| 

|0|0|0|0|0|lll|l|0 | 

_ + , + + 4, 

|1| 0 I 0 (DRIVE I HIGH ADDRESS ( Mote 1 )| 

+ — — 4. -4. 4. ____4. 4.__-.—__ — 4. 

|2| MIDDLE ADDRESS ( Note 1 )| 

4._4.-______4.______-4. ,_____4. 4.____-__4._ ____4.__«-.___4._ — _„4, 

I 3 1 LOH ADDRESS ( Note 1 ) j 

I 4 . 1 0 1 0 I 0 j INTERLEAVE FACTOR ( Mote 2 )| 

I 5 f RETRY? I 0 I (Mote 3) 0 | STEP 3 1 STEP 2 1 STEP 1| STEP 0| 

Notes: 

1. Refer to paragraph 3. 6. 1.6. 

2. Factor is number of sectors per track minus one. 


3. If this bit is set, the data in the existing sector buffer 
is used to fill the data field. If this bit is cleared, 
the data field is written with 6CH. 


The interleave byte (4) is programmed the same as in the FORMAT 
command, and is used on the alternate track. If bit 5 of the con t r ol 
byte (5) is set, the data in the existing sector buffer is written to 
the data field. If not, the data field is written with 6CH.. 

After issuing the command, the controller asks for the Assigned 
Alternate Address data block. These 3 bytes point to the CPU- 
assigned alternate logical address. Again the sector address is 
ignored. 
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The byte definitions for the Assigned Alternate Address Data Block 
are as follows : 


B 

4. -*.-8 IT NUMBER 

t|7|6|S|4|3|2|l|0 

|0| 0 I 0 I 0 I HIGH ADDRESS (See note) 

U| MIDDLE ADDRESS (See note) 

4 ._> — — — — — ^ — — 4 . — - — — - — — ^ — — .- 4 . — — — — — _ 4 . — — — — — « 

|2| LOK ADDRESS (See note) 

Note: Refer to paragraph 3. 6. 1.6. 


3.6.7 Alternate Track Assignment 

The computer both assigns alternate tracks and locks out bad tracks. 
Bad areas on the disk are labeled defective on a track basis by 
issuing a FORMAT BAD TRACK command (command code 07). One procedure 
for assignment and handling of alternate tracks is given below. 

1. Give the FORMAT DISK command (command code 04). This 
formats the entire disk drive starting at logical track 
000 . 

a. If any errors occur, give the REQUEST SENSE STATUS 
command. 

b. If a format error is indicated, bytes 1, 2, and 3 of 

the returned status give the address of the bad 
track. 

c. Give a FORMAT BAD TRACK command (command code 07) to 
the track. 

d. Reissue the FORMAT DISK command. 

e. If any other errors occur during the subsequent 
formatting, reissue the REQUEST SENSE STATUS, FORMAT 
BAD TRACK, and FORMAT DISK commands until the entire 
disk is formatted. 

2. Give the RECALIBRATE command (command code 01) to position 
the heads over track 000. 


All sectors on the disk are read to see if any uncorrec table ECC 
errors occurred in the data. The FORMAT command places a 6CH pattern 
in the data fields of all sectors, and the computer program can 
verify this data pattern after the data is read into memory. 
However, verifying the data byte for byte is not usually necessary, 
because the error detection and correction circuitry flags all 
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uncorrec table errors. If a large block of host memory is available, 
mul tiple sector reads can be issued to speed up the verify process . 

When an uncorrectable error is found, issuing a FORMAT BAD TRACK 
command (command code 07) to the failing track writes a bad track 
flag into all identifier fields. Later accessing of this track 
results in an error, causing the sense status that follows to show an 
error code 19H. 


NOTE 

Whenever a user program accesses the disk, be 
sure that the operating system does not allow the 
program to issue a READ or WRITE command to the 
alternate tracks. 


The disk con troller has no way of knowing when an alternate t rack is 
being read. The alternate tracks are sometimes assigned at the end 
of the disk (highest track numbers), but they can be assigned to any 
tracks so long as the track label is maintained by the computer. 
Given the error correction capabi 1 i ty of the controller , four tracks 
reserved as al t erna t es should be adequate for all disk drives 
currently available . However , the system programmer should consult 
the disk drive manual for the hard-defect specifications. 


3.6.8 Alternate Address Protocol 

After receiving the FORMAT ALTERNATE TRACK command and the assigned 
alternate, the controller performs the following steps: 

1. Seeks to the "alternate assigned track" and verifies that 
it is not already an assigned alternate or a flagged bad 
t rack . 


NOTE 

If the track has already been assigned as an 
alternate or is flagged "bad", then error code 
IDH is given and the command is aborted. This 
usually implies that the computer is attempting 
to assign two bad tracks to the same alternate 
track. 


2. Formats the track as an assigned alternate track. 

3. Seeks to the bad track and formats the header as a spare 
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track pointing to the assigned alternate. 

4. Destroys data fields on both the bad track and alternate 
track. 

The procedure for using the FORMAT ALTERNATE TRACK command is as 
follows : 


1 . 

Format 

the entire 

disk. 

including spare tracks. 

2 . 

Verify 

the disk. 



3 . 

Assign 

each media 

defect 

an alternate track. 

4 . 

Assign 

list. 

alternate 

bracks 

for drive manuf ac t ur er ’ s defect 


The controller automatically seeks to the assigned alternate track 
when an access is made to a flagged defective track. Consecu t i ve 
accessing does not result in reseeking to the alternate track. The 
controller maintains position on the alternate track. 


NOTE 

When using the FORMAT ALTERNATE TRACK command, be 
sure to include (in the controller 
initialization) cylinder and head ranges for the 
alternate tracks. 


Generally, the actual disk space is greater than the amount fixed by 
the system software. This extra space can be used for alternate 
tracks as needed. The alternate tracks are invisible to the host. 

The number of spare tracks depends on the drive size and the number 
of defects allowed by the drive manufacturer. Generally, one spare 
track is allotted for each 50 to 100 tracks. 

Direct access (attempted data transfers or seeks) to an alternate 
track results in an error code ICH, and no transfer takes place. 
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3.6.9 WRITE SECTOR BUFFER Command 

This command is used to fill the sector buffer with a host-given data 
pattern. Mo data is transfered between the drive and the controller. 
The command accepts 512 bytes of data and stores them in the sector 
buffer. The byte definitions are as follows: 

B 

y 

fc + BIX number 

e I 7 I Bit 6| Bit 5| Bit 4| Bit 3| Bit 2| Bit 1] Bit 0| 

|0j 0 | 0|0 |0 |1 |1 |1 |1 j 

j 1 I unused I unused I unused I unused I unused I unused I unused I unused j 

♦ + - — + ■< + + + 

I 2 I unused I unused i unused j unused I unused I unused I unused I unused ) 

I 3 I unused I unused I unused I unused i unused I unused I unused { unused I 

4.- — — 4 — 4. — — — — - — — - _ — - — — — — 4, 

I 4 I unused j unused I unused I unused I unused I unused I unused j unused j 
I 5 I unused I unused ) unused I unused I unused I unused i unused I unused i 


3.6.10 READ SECTOR BUFFER Command 

This command sends 512 bytes of data from the sector buffer to the 
CPU. The byte definitions are as follows; 

B 

y 

t 4 bit number __--___4 

e I 7 I Bit 6| Bit S| Bit 4} Bit 3) Bit 2 ] Bit 1| Bit'o| 

|0| 0| 0|0 |1 |0 |0 |0 |0 I 

4---4 ____4______4___ _4__ * — — __4______4__ — - 4 — ___4 

I 1 I unused j unused I unused I unused I unused I unused I unused I unused I 
I 2 |unused|unused|unusediunused|unused|unused|unused|unused| 

4.» +.« * - - 4.-. ~ 4» 

I 3 |unused|unused|unu5edfunused|unused}unused|unused|unused| 

4. 4 4. .--«4.-, .-.4. - - 4 " >-» 4 - 

I 4 |unused|unused|unused|unused)unused}unused|unused|unused| 

4. 4. 4. 4 4. 4. 4.-_ ,---.4 

I 5 |unused|unusedjunused|unused|unusedjunu5ed|unused|unused| 

4 4 4 4 4 4 =»4.»» .««.4 4 4 
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3.6.11 RAM DIAGNOSTICS Command 

This command performs a data pattern test on the RAM buffer. The 
byte definitions are as follows: 

B 

y 

t .► — — bit number 

e I 7 I Bit 6| Bit S{ Bit 4| Bit 3| Bit 2| Bit 1| Bit 0| 

| 0 | 1 | 1|1 |0 |0 10 |o jo i 

I 1 I unused I unused I unused I unused I unused I unused I unused I unused I 
I 2 I unused I unused I unused I unused I unused I unused I unused I unused I 
I 3 I unused 1 unused I unused I unused I unused } unused ) unused I unused I 
j 4 I unused I unused { unused I unused I unused I unused I unused I unused I 

4. 4. 4. _ -..4. - 4 4 .-.4.- .4- 4-___ ,_4. 

I 5 I unused I unused I unused I unused I unused I unused I unused { unused i 

4.___4,_- --4- ____4______4._ — ____4.- — ____4,- — — 4__ — - -- 4. 


3.6.12 DRIVE DIAGNOSTICS Command 

This command tests both the drive and the dr i ve-to-controller 
interface. The controller sends RECALIBRATE and SEEK commands to the 
selected drive and verifies sector 0 of all the tracks on the disk. 
The controller does not perform any write operations during the 
command; it assumes the disk has been previously formatted. The byte 
definitions for the command are as follows: 

B 

y 

t 4 bit number 

e I 7 I Bit 6| Bit 5} Bit 4} Bit 3| Bit 2| Bit 1| Bit Oj 

|0| 1| 1|1 |0 |0 |0 |1 11 1 

4---4------4-- — -4---— _4-_____4----__4 

1 1 1 unused 1 unused 1 unused 1 unused 1 unused 1 unused 1 unused 1 unused 1 

4---4 — - — - -- 4 — - -- -- 4- - — ---4 ____4__-__-4-- -4 — — - -- -4 

1 2 1 unused 1 unused 1 unused 1 unused 1 unused 1 unused 1 unused 1 unused 1 

4- ♦ -4. ..4.... 4'-- --4.-. 4.--- 4. 

I 3 |unused|unused|unused|unused|unused|unused|unused|unused| 

41- 4.- --.4...-. 4.- — - 4- 4- ----4. •- — 4- -..4. 

I 4 |unused|unused|unu5edjunu3ed|unused{unused|unused|unused| 

4. 4 - ----4. 4. 4. 4. 4. -4. 4- 4. 

I 5 I RETRY?) 0)0 ) 0 ) STEP 3) STEP 2 ) STEP 1 | STEP 0) 

4. 4. 4. 4. 4. 4. 4. 4. ^4--- 4« 
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3.6.13 CONTROLLER INTERNAL DIAGNOSTICS Command 

This command causes the controller to perform a self-test. The 
controller checks its internal processor, data buffers, ECC 

circuitry, and the checksum of the program memory. The controller 
does not access the disk drive. The byte definitions are as follows : 

B 

y 

t ^-BIT NUMBER + 

e j 7 I Bit 6i Bit 5| Bit 4| Bit 3} Bit 2| Bit 1| Bit Of 

I Of 1) Ifl jO |0 |1 |0 |0 I 

I 1 I unused I unused j unused I unused I unused I unused I unused I unused I 

I 2 I unused I unused I unused I unused I unused I unused I unused I unused I 

I 3 I unused I unused I unused I unused I unused j unused I unused I unused I 

{ 4 |unused|unused|unused|unused|unusedjunused|unused|unu5ed| 

I 5 |unused|unused|unused)unused|unused|unused|unused|unused| 


3 . 6414 . READ LONG Command 

This command transfers the target sector and 4 bytes of data ECC to 
the CPU. If an ECC error occurs during the read, the controller does 
not attempt to correct the data field. This command is useful for 
recovering data from a sector with an uncorrec table ECC error and for 
diagnostic operations. The byte definitions are as follows: 


B 

IT NUMBER -=-.-4. 

t|7l6|5!4|3|2|l|0| 

|0| 1 I 1 I 1 I 0 I 0 ) 1 I 0 I 1 I 

4.-4. _____4.___ 4--- _ — - 4.__ — 4. 4. 4. 4-_ __4. 

jl| 0 I 0 {DRIVE I HIGH ADDRESS (See note)} 

4 ._ 4 ._______ 4 ._ ,____ 4 .______-. 4 ._ ____ 4 .____- 4 --- + + + 

|2| MIDDLE ADDRESS (See note) | 

4- — 4. — _4._ — 4 ____4 4 -___4._ — 4- — -4- — --4. 

|3| LOW ADDRESS (See note) j 

4.-4. 4. 4._ 4.-- — 4 --4- __4.___ _~4. 

|4| BLOCK COUNT (See note) 1 

4--4. -.*■ 4- 4---- 4- — 4- 4.-- .4. 

|5| RETRY? I 0 I 0 ! 0 I STEP 3| STEP 2| STEP If STEP Of 

,4. .4. .4. 4. 


Note: Refer to paragraph 3. 6. 1.6. 
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3.6.15 WRITE LONO Command 

This command transfers a sector of data and four appended ECC bytes 
to the disk drive. During this write operation, the computer 
supplies the 4 ECC bytes instead of using the hardware-generated ECC 
bytes. This command is useful only for diagnostic operations. The 
byte definitions are as follows: 


B 


y+-- 


- - - 



BIT 

NUMBER 

- 4 . — , 



- 4» « 


t| 

7 

1 

6 

1 

5 1 

4 ! 3 

1 

2 1 1 

1 

0 1 



= •!.= = 





= = ; 

=s assess ass 

35S+>S 

2 SSSSS+> 

|0| 

1 

1 

1 

1 

1 ! 

0 1 0 

1 

1 I 1 

! 

0 1 

+ ^ - 




. - 4. - 

• 





------ 4> 

U! 

0 

1 

0 

{DRIVE 1 


HIGH 

ADDRESS 

(see 

Note) 1 





> - . 4 . - 






------4” 

|2| 





MIDDLE 

ADDRESS 



( see 

Note) i 

^ - 



— 

. . ^ « 

> - — - 




4 , 


|3| 





LOW 

ADDRESS 



(see 

Note) j 




----- 







« 4 . • 

------ 4“ 

|4| 





BLOCK COUNT 




! 

^ . 




- ^ - 



4> 


- 4 . 



|5| RETRY?! 0 I 0 I 0 I STEP 3| STEP 2| STEP Ij STEP Oj 


Note: Refer to paragraph 3. 6. 1.6. 
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3.6.16 Execution Order of Remaining Diagnostics 

Not ail of the diagnostics are executed bx the computer on power-up. 
The remaining diagnostics should be called by the CPU in the 
following order. 

1. CONTROLLER INTERNAL DIAGNOSTICS (command code E4} . This 
command tests all the logical and decision-making 
capabilities of the controller, the program memory 
checksum, and the error detection and correction circuits 
(ECC). Executing this diagnostic ensures that the 
controller can communicate with the computer. 

2. RAM DIAGNOSTICS (command code EO) . This command verifies 
that the sector buffer is operational by writing, reading, 
and verifying various data patterns to and from all 
locat ions . 

3. INITIALIZE DRIVE CHARACTERISTICS (command code OC) . This 
command Sends the new drive configuration to the controller 
when the parameters of the connected drives differ from the 
defaults. The INITIALIZE DRIVE CHARACTERISTICS command must 
be issued before executing the DRIVE DIAGNOSTIC command. 

4 . TEST DRIVE READY (command code 00). This command, issued 
before the DRIVE DIAGNOSTIC is executed, finds out when the 
drive is ready to accept a command. 

5. DRIVE DIAGNOSTIC (command code E3). This command issues a 
RECALIBRATE to the disk drive and then steps though all 
tracks, verifying the ECC on the identifier fields of the 
first sector of each track. If this diagnostic passes, it 
implies that the disk has been formatted and that the first 
ID field of each track is good. 


3.6.17 Error Correction Philosophy 

The typical er ror-eor rec t i on time of the controller is approximately 
SO ms, which is greater than the time for one revolution of the disk. 
The sector in error can be reread (if bi t 6 is not set in byte S of 
the READ command DCB) on the next revolution during a READ command. 
In most cases, the error is soft and does not reappear on the reread, 
This initial reread of the failing sector is in addition to the retry 
count passed in the DCB (bit 7, byte 5). 

The controller presets the error retry count to 4 each time a sector 
is read successfully. Sometimes, an error labeled uncor rec table is 
later found to be correctable. If this happens during a multiple- 
sector transfer, the controller resets the retry count to 4 before 
another sector is read. 
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3.6.18 Sector Field Description 

Table 3-25 describes the sector information fields. 



Table 3-25 

Sector Field Format 


Number of 

Field 

Field 

Bytes 

Description 

AM 

4 

Address mark 

GAP! 

^9 

Zero byte gap 

SYMC 

1 

ID sync byte 

GAP 2 

2 

ID zero byte gap 

COM 

1 

X ID compare byte 

CYLH 

1 

Cylinder high (MSB) 

CYLL 

1 

Cylinder low (LSB) 

HEAD 

•1 

Head number 

SEC 

1 

Sector number 

FLAG 

1 

Flag byte 

ZER 

1 

Zero byte 

ECC 

4 

ID ECC bytes 

GAPS 

16 

Zero byte gap 

SYNC2 

1 

Data field sync byte 

GAP 4 

2 

Data field zero byte i 

DATA 

512 

Data field 

ECC2 

4 

Data field ECC bytes 

GAPS 

43 

Inter-record zero gap 

Motes: 




1. Cylinder (track) numbering is 0-based. 

2. Sector numbering is 1-based. 

3. Disk surface numbering is 0-based 


The track layout for the 512 by t es/sec tor , 17 sectors/track is given 
in Table 3-26. 
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Table 3-26 512-Bytes-Per-Sector Format 

MSB LSB 

+ BIT HUMBER- 

BYTE I 7 I 6 I 5 } 4 I 3 


2 I 1 I 0 I 


1-4 I 


ADDRESS MARK 



- - 4. - 

- ~ • 

» 4- ~ 

— 

-«.4. — — — — »4-« — 



o — ’ 4* “ 

- -- 

« 4 “ 

" — — — 

- 4. 

- - ” “ 4“ 

5-13 

1 

0 

j 

0 

1 0 

1 

0 1 

0 

1 

0 

1 

0 

1 

0 1 


. « 4. - 


- 4. - 

— 

.-4. --.4.-- 

4--- 


" “ 4* - “ 


— 4- - 

— 

« 4. « 


14 

1 




ID SYNC 

BYTE 







1 


. - 4-- 


“ 4- - 

— 

"-4> .4.-- 

---4.«- 

— 

“ 4" - 

--- 

- 4 - 


». 4- • 

^-4 

15-16 

1 

0 

1 

0 

1 0 1 

0 1 

0 

) 

0 

1 

0 

I 

0 1 


. — 4. — 

— 

- 4. - 


“ — 4* — — — — — 4> — — 

4«. 

— 

. - 4. . 


- 4 - 

— 

- 4. - 

4 

17 

1 




ID COMPARE 

BYTE 







1 


. .. 4. . 

-c . 

- 4- - 


. 4. 

- 4. — 

4> a. . 


" 4» « - 

. . . 

— 4. - 

0 . . . 

— 4 ~ 

4 


18 

19 

20 
21 
22 
23 

24-27 

28-43 

44 




CYLINDER NUMBER ( MSB ) 
CYLINDER NUMBER ( LSB ) 
HEAD NUMBER 
SECTOR NUMBER 
FLAG BYTE 

0 I 0 I 0 I 




0 I 0 i 0 I 0 i 0 

ID ERROR CORRECTION CODE BYTES 

4. .4. ^ ^ ^ . — ^ 

0|0|0|0|0|0 i 


0 I 0 


DATA FIELD SYNC BYTE 
0 I 0 I 0 i 0 I 0 


45-46 


. ^ . 


I 

- 4- ■ 


. ^ 
I 


47-558 1 


512 BYTES DATA 

4. 4> - - ™ - “> +• 

559-562 J DATA FIELD ERROR CORRECTION CODE BYTES 

0 j 0 I 0 1 0 I 0 


563-605 I 0 


0 I 0 ! 

4 - - 4 *- 4.--- 4.--. 4.- 4.-.-«-.-4.-«---.4.--«-«4. 

605 bytes/sector including ID and overhead 
Track Capacity = 10416 

10285 = 17 sectors of 605 bytes/sector 

-►131 = Speed tolerance gap 


10416 
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3.6.19 Specifications - Controller Board 

Table 3-27 gives the Winchester controller board specifications. 


Table 3-27 Winchester Controller Board Specifications 
Environmental Parameters: 



Operating 

S torage 


« 

- o o 

o o 

Tempera t ur e 

10 C to 40 C 

-10 C to 60 C 


o o 

o 0 


( 32 F to 131 F) 

(-40 F to 167 F) 

Relative Humidity 

10% to 90% 

10% to 90% 


o 

(e 40 F wet-bulb 
temperature, no 
condense t ion) 

Altitude Mean sea level Mean sea level 

to 10 000 ft to 45 000 ft 


Power Requi rements : 

Voltage Range Current 

+5.0 Vdc 4.75 to 5.25 Vdc 2.5 A maximum 

2.0 A typical 

-12.0 Vdc -10.8 to -13.2 Vdc 66.0 mA maximum 

48.0 mA typical 
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3.6.20 Electrical Interface 

This paragraph specifies the electrical interface r equ i r emen t s for 
the 5 1/4-in Winchester disk drive. 


All Winchester controller 

i n t er changeable with the AMP type 
(to J2/P2), and type 1-87215-7 
Section 5 contains assembly drawl 
connectors. The connector layout 


boards use header 
87215-7 for the 20-pin 
for the 34-pin connector 
ngs showing the pin-outs 
is shown in Figure 3-9. 


as sembl i es 
connec tors 
(to Jl/Pl). 
for these 


WINCHESTER 

CONTROLLER 

BOARD 


AMP HEADER 
ASSEMBLY 
TYPE 87215-7 
OR EQUIVALENT 


AMP HEADER 
ASSEMBLY 
TYPE 1-87215-7 
OR EQUIVALENT 


RIBBON CABLE TO 
WINCHESTER DRIVE 



1 ^ 1 

" 


AMP V-r V 

AMP 



RECEPTACLE 

RIBBON 



CONNECTOR 

CONNECTOR 

J2 


TYPE 88377-4 

TYPE 88373-6 


OR EQUIV. 

OR EQUIV. 



1 1 

20-PIN RIBBON CABLE 



RIBBON CABLE TO 
WINCHESTER DRIVE 



AMP 
RECEPTACLE 
CONNECTOR 
TYPE 
88377-6 
OR EQUIV. 


AMP 

RIBBON 

CONNECTOR 

TYPE 

88373-3 

OR EQUIV. 


J1 




34-PIN RIBBON CABLE 


WINCHESTER 

DISKDRIVE 



2223216-21 


Figure 3-9 Control and Data Cabling for the Winchester Disk Drive 


3-72 




TECHNICAL REFERENCE 


DEVICE SERVICE ROUTINES 


Section 4 


DEVICE SERVICE ROUTINES 


4.1 ROM INTERFACE INFORMATION 

This section provides information on writing software for 
compatibility with future products and on interfacing with the 
hardware of the Texas ^Instruments Professional Computer. The 
interface information includes interrupt vectors, system memory maps, 
and ROM usage. The system ROM contains instructions for hardware 
device control of the standard I/O devices in the system unit. 

The functions described are implemented with code in the system ROM, 
and thus are available to all users of the system regardless of which 
disk operating system (iDOS) is Installed. However, the user must be 
careful to avoid causing any conflicts with the operating system’s 
use of these same functions. 

Typically, these functions are accessed through the 8088 software 
interrupt mechanism. Each major device service routine (DSR), such 
as keyboard, display, and disk, has a unique vector. Individual 
functions of a DSR are accessed by placing an opcode in register AH 
and executing an INT (interrupt) instruction of the applicable type. 
To replace all or part of a DSR, just patch the interrupt vector to 
point to the user-written code. 

For specific information on the architecture of the Intel 8088 
mi croprocessor , read the lAPX 88 Book or the lAPX 86.88 User’s 
Manual . 


4.2 WRITING SOFTWARE FOR COMPATIBILITY WITH FUTURE PRODUCTS 

The software you develop for this product undoubtedly represents a 
large investment of your time and money. Making changes and 
releasing new versions of software is usually difficult and 
expensive, and should be avoided. This guide will help you to create 
software that can be used with future Texas Instruments products. 


4.2.1 Compatibility Levels 

In order for the software to work on more than one hardware product, 
compatibility must exist at some level: either the operating system 
level, the system ROM interface level, or the hardware interface 
level . 
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4. 2. 1.1 Operating System. Software that interfaces at the operating 
system level is compatible with all products using the same operating 
system, including products of other manufacturers. 

4. 2. 1.2 System ROM Interface. Software that interfaces with the 
Texas Ins t rumen t s -suppl i ed system ROMs through the interface vectors 
is compatible with other hardware products having the same functional 
characteristics. These products can differ in physical or electrical 
characteristics from the standard Texas Instruments product. 
Programs compatible at this level or at the DOS level are more likely 
to be compatible with future products. 

4. 2. 1.3 Hardware Interface. Programs that use the hardware 
directly (for example, input or output to hardware addresses) are 
least likely to be usable in another computer system. 


4.2.2 Areas of Hardware Compatibility 

Texas Instruments recognizes that the system ROM interface is not 
sufficient for all applications. Products using the advanced 
capabilities of the hardware cannot be restricted to usage of this 
interface. The following paragraphs describe the hardware 
compatibility that can be expected in future subsystems or subsystems 
accessed from ROM only. 

4. 2. 2.1 Alphanumeric CRT. The alphanumeric CRT is well -s uppor t ed by 
the system ROM. Accessing the screen directly can speed processing, 
lets you use "windowing", and lets you use horizontal scrolling. You 
should restrict direct access to the alphanumeric CRT screen to the 
attribute latch and to address ODEOOOH, the actual memory buffer for 
the screen. (The "H" represents hexadecimal.) Before using the 
screen directly, these programs should issue a Clear Screen f unc t i on 
call to ensure that the hardware is set up for direct access. Refer 
to paragraph 2.4.7 for information about the CRT hardware. 

Using the ROM functions to put data on the sirreen while accessing the 
screen directly can cause undesirable hardware actions. It is 
possible, for instance, that the screen can be hardware-scrolled , so 
that the logical upper left position is no longer the physical upper 
left position. All operations on the cursor should use the ROM 
interface calls. This will ensure that possible redesigning of the 
cursor logic does not prevent the program from running. 
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4. 2. 2. 2 Graphics CRT. The graphics screen is not supported by the 
system ROM; therefore, all graphics screen functions must go directly 
to the hardware. The graphics screen size is 720 by 300. 

To simplify modification, all routines that access the graphics 
hardware should be arranged in a modular fashion. Hardwar e-spec i f i c 
constants should be given symbolic names. Refer to subsection 3.5 
for more information. 

Texas Instruments will endeavor to keep future graphics hardware 
fully compatible with the current hardware. 

4. 2. 2. 3 Disk Subsystem. The disk subsystem is fully supported in 
the system ROM, with the exception of the ability to format 
diskettes. -_.Fo,r normal operations, direct access to any of the disk 
hardware should not be necessary. Upon request, Texas Instruments 
will supply a format routine to qualified software vendors. 

4.2. 2. 4 Keyboard System. The keyboard system is fully supported in 
the system ROM. Direct access to the keyboard interface is not 
necessary for normal operations. 

4. 2. 2. 5 Interrupt Controller. The interrupt controller system is 
used by the system ROM, but it is not supported in a fashion usable 
by software writers. In future products, Texas Instruments will 
attempt to keep the same interrupt levels, usage, and hardware 
addresses for accessing the device. However, the constants used to 
access this hardware should be symbolic to facilitate modification. 

4. 2. 2. 6 System Timers and Speaker. The system ROMs contain vectors 
that allow other software to intercept the 25-ms system timer 
interrupts. The extra timer is reserved for use by Texas Ins t rumen t s 
software products. 

The speaker (or bell) is well -suppor t ed by the system ROM. Direct 
access is not necessary. 

4. 2. 2. 7 Parallel Printer Port. The parallel printer port system is 
fully supported in the system ROM. Direct access is not necessary 
for normal operation. 

4. 2. 2. 8 Serial Communications. The serial communications hardware 
is not directly supported by the system ROM. To ensure future 
compatibility, Texas Instruments does not intend to change this 
hardware . 


4-3 



TECHNICAL REFERENCE 


DEVICE SERVICE ROUTINES 


4.3 SYSTEM ROM INTERRUPT VECTOR USAGE 

The system ROM uses interrupt vector locations in the first IK bytes 
of memory. These vector locations are used for hardware interrupts, 
as interfaces to the ROM functions, and other uses as given in Table 
4-1. The vectors marked with an asterisk are actually used by the 
ROM. The other vector locations cause a *’wild** interrupt if vectored 
to, and the usual display is: 

SYSTEM ERROR - 1042** 

To patch in replacement routines for those in the ROM, any of these 
vectors can be changed by the disk operating system (DOS) or by 
applications software. Table 4-1 gives vector usage in terms of 
"interrupt type," which is the number used in an INT instruction. To 
calculate the absolute address of the vector, multiply the interrupt 
type by four. For example, the keyboard print screen interrupt 
vector (type 5EH) would be a double word at location 0:0178H 
(5E X 4 = 178H). 


NOTE 

The symbol "H" denotes a hexadecimal value. 
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00 

01 

02 * 

03 

04 

05-lF 

20-3F 

40 

41 

42 
43* 

44 

45 
46* 
47* 
48* 
49* 
4A* 
4B* 

4C 

4D* 

4E* 

4F* 

SO* 

51* 

52* 

53* 

54* 

55-56 

57* 

58* 

59* 

5A* 

5B* 

SC* 

5D* 

5E* 

5F* 


Divide- by -zero t rap 
Single-step trap 
Non-maskable interrupt 
Break ( s i ngi e -by t e ) 
software interrupt 
Overflow trap 
(Reserved by Intel) 

(Reserved for MS-DOS) 

8259 interrupt 0 
8259 interrupt 1 
8259 interrupt 2 
8259 ~i nt errupt 3 (Timer 1) 

8259 interrupt 4 
8259 interrupt 5 

8259 interrupt 6 (Disk controller) 

8259 interrupt 7 (Keyboard UART) 

Speaker DSR interface 

CRT DSR interface 

Keyboard DSR interface 

Parallel port DSR interface 

(Reserved for future use) 

Disk DSR interface 
Time-of-day clock DSR interface 
System conf i gura t i on call 
Fatal software error trap 
Restart timing event 
Cancel timing event 
SVC interface subroutine 
Activate task subroutine 
(Reserved for future use) 

CRT mapping vector 

System timing, 25 ms (time slicing) 
Common interrupt exit vector (ROM) 
System timing, 100 ms 
( t imi ng ser v . ) 

Keyboard mapping vector 
Keyboard program pause key vector 
Keyboard program break key vector 
Keyboard print screen vector 
Keyboard queueing vector 


lAPX 88 Book ! 
lAPX 88 Book ! 
lAPX 88 Book ! 

lAPX 88 Book ! 
lAPX 88 Book ! 
lAPX 88 Book ! 

MS-DOS Operating System 
Component Data Catalog 
Component Data Catalog 
Component Data Catalog 
Component Data Catalog 
Component Data Catalog 
Component Data Catalog 
Component Data Catalog 
Component Data Catalog 
Section 3 ! ! 

Section 3 ! ! 

Section 3 ! ! 

Section 3 ! ! 

'k'k 

Sect ion 3 ! ! 

Section 3 !! 

Section 3 ! ! 

★ * 

* it 
it it 
itit 
itit 

Section 3 ! ! 

Section 3 ! ! 

Section 3 ! ! 

Section 3 ! ! 

Section 3 ! ! 

Section3!! 

Section 3 !! 

Section 3 !! 

Section 3 ! ! 




Notes : 

* Vector actually used by ROM. 

** Texas Instruments use only - not to be changed, 
e Texas Instruments Incorporated publication 
! Intel Incorporated publication 
! ! Thi s manual 
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Table 4-1 System Interrupt Vector Usage (Concluded) 


Vector Descr 1 pt 1 on Reference 


60* 

System ROM 

OS pointer 

(180H) 

Section 

3 

! ! 


(F400 : AOOO) 

DS size in bytes 

(182H) 

Section 

3 

! ! 

61* 

Factory ROM 

DS pointer 

( 184H) 

Section 

3 

! ! 


( F400 : 0000 ) 

DS size in bytes 

(186H) 

Section 

3 

! ! 

62* 

Option ROM 

DS pointer 

(i88H) 

Section 

3 

! ! 


(F400 : 2000) 

OS size in bytes 

(18AH) 

Section 

3 

! ! 

63* 

Option ROM 

DS pointer 

( 18CH) 

Section 

3 

! ! 


( F400 ; 4000) 

OS size in bytes 

(18EH) 

Section 

3 

! ! 

64* 

Option ROM 

DS pointer 

(190H) 

Section 

3 

! ! 


(F400 : 6000) 

DS size in bytes 

( 192H) 

Section 

3 

! ! 

65* 

Option- ROM 

DS pointer 

( 194H) 

Sec t i on 

3 

! ! 


(F400; 8000) 

DS size in bytes 

(196H) 

Sec t i on 

3 

! ! 

66* 

Memory size 

in paragraphs 

( 198H) (word) 

Section 

3 

! ! 


Ou t standing 

interrupt count 

( 19AH) (byte) 

Sec t i on 

3 

! ! 

67* 

Installed drive types 
Extra system configuration 

(19BH) (byte) 

Section 

3 

! ! 

68-9F 

AO-DF 

E0-E3 

(word 1) 

Extra system conf i gura t i on 
(word 2) 

Reserved for Texas Instruments 
User interrupt vectors 
Reserved for CP/M [tm] 

(19CH) 

(19EH) 

Sections!! 

Section 3 ! ! 

CP/M 86 

Programmer's <^nide € 


E4-FF Reserved for Texas Instruments 


Ho t es : 

* Vector actually used by ROM. 

** Texas Instruments use only - not to be changed . 
e Texas Instruments Incorporated publication 
! Intel Incoporated publication 
! ! Thi s manual 


4.3.1 Hardware Interrupt Service Routines 

All standard interrupt service routines (ISR) have limited internal 
stacks. They provide four levels (8 bytes), which is the amount 
required by any application program or subroutine that runs with 
interrupts enabled. An ISR needs 8 bytes of the user^s stack; 2 
bytes to push the user's code segment (CS), 2 bytes for the 
instruction pointer (IP), 2 bytes for flags, and 2 bytes to push the 
data segment ( DS ) . The ISR saves the user's stack segment and stack 
pointer in the RAM data area of the system ROM. The ISR then changes 
the stack segment and stack pointer so that they point to the 
internal stack of the interrupt routine. When the ISR is complete, 
it executes a long jump to the common interrupt exit vector. 
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4-3.2 Common Interrupt Exit Vector 

All ISHs (in the ROM and in Texas Instruments applications programs) 
use a common interrupt exit vector. The ISR executes a long jump 
(LONG JMP) to the routine pointed out by the common interrupt exit 
vector. The common interrupt exit routine restores the stack and 
commonly used registers, decrements the outstanding interrupt counter 
(INTCTR), sends the end-of-in terrupt (EOI) command to the interrupt 
controller, and returns to the interrupted code with a return-from- 
interrupt instruction (IRET). 

A real-time operating system (OS), such as the OS kernel of TI 
communication programs, uses the INTCTR to keep track of the 
outstanding interrupts. Be sure to include the appropriate code when 
creating an ISR. 

A sample interrupt service routine, with installation and removal 
instructions, is included in Appendix G. 

The common interrupt exit routine is contained in ROM, but an OS can 
patch it so that all interrupt service routines exit through the 
operating system. Because the interrupt structure is complex (due to 
interaction between the shared interrupts and the requirement for a 
common exit point), the potential user should read the following 
paragraphs , carefully studying the examples given. 


4.3.3 Timer Interrupts 

The system timer ticks every 25 ms. The ISR for this timer is 
located in the ROM, and it processes events such as disk motor time- 
outs and date/time-keeping. Software interrupts are performed at two 
points during this interrupt service routine, allowing access to the 
timing services. One interrupt occurs every count (every 25 ms), and 
the other occurs every four counts (100-ms intervals). Usually, 
these interrupt vectors point to an IRET instruction in the ROM. The 
user can patch one or both of the vectors to point to his own 
routines. These routines are free to use the AX, BX , DI , and ES 
registers, but they must preserve any other registers used. The 
stack used is the internal stack of the timer interrupt service 
routine and it is limited in depth. If the user does not re-enable 
interrupts (the INT instruction disabled them), there are 8 levels 
(16 bytes) of stack available. If the interrupts are re-enabled, the 
user has only four levels (9 bytes) available. If more stack size is 
required, the user should switch to an internal stack of the required 
size (allotting 8 bytes for higher priority interrupts). 

It is important to remember that the routines installed in this 
manner are executing at the interrupt level. Interrupts must not be 
disabled for any significant length of time, because any time spent 
in these routines directly affects system efficiency. The user must 
also understand how some other mechanism (such as a timing event in 
the handler routine of the OS) can patch the timing vectors and 
install its own routines. Instead of using the IRET instruction to 
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end the routine, make a long jump to the original vector address 
(which was saved when the routine was installed.) 


4.4 ROM STRUCTURE 

The following paragraphs describe the use, format, and calling 
sequences for optional ROMs. 


4.4.1 ROM Usage 

Optional ROMs provide an interface between the hardware and the 
system software. With this interface installed, modification of the 
hardware requires changing only the ROM software, not all of the 
applications programs. 

The system defines locations for six ROMs. One of these is the 
system ROM. Texas Instruments has reserved another (on the main 
board) for future use. The four remaining are the optional ROMs, 
which can be used by any of the available operating systems. 

Table 4-2 shows the ROM addresses and suggestions for their use. 

Table 4-2 ROM Addresses and Suggested Uses 


Absolut e 




Address 

CS : of f se t 

Use 

Commen t s 

F4000H 

F400 : OOOOH 

Mi scellaneous 





I/O option 

Reserved 

for 

Texas 

Ins t rumen t s 

F6000H 

F400 : 2000H 

Local area 







ne t work 

Reserved 

for 

Texas 

Inst rumen t s 

F8000H 

F400 : 4000H 

Mass storage 

Texas Instruments 

Hinchester card 

FAOOOH 

F400 : 6000H 

Open 

Open 




FCOOOH 

F400 : 8000H 

System ROM 







expans ion 

Reserved 

for 

Texas 

Ins t rumen t s 

FEOOOH 

F400 : AOOOH 

System ROM 

Re ser ved 

for 

Texas 

Ins t rumen t s 


4.4.2 ROM Format 

The ROM format must be known to: 

* Identify the ROM 

* Use a standard calling sequence 

* Use the diagnostics 
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ROMs can be one of the following sizes: 

* 256 bytes 

* 512 bytes 

* 1024 bytes 

* 2048 bytes 

* 4096 bytes 

* 8192 bytes 

The ROM size, in binary , is stored in the first word in the ROM . The 
word value' -i 3 s tored low "byte first, following the INTEL Corporation 
convent i on . 

The second word in the option ROM is the power-up initialization 
address. The system ROM uses a NEAR call to this address during the 
power-up process. The user must ensure that the initialization 
address is calculated as an offset from the segment address F400. 

The next location in the ROM stores a text string identifying the 
ROM. The first entry in this string is the length of the string 
(1 byte). This information determines how much material is 
d i splayed . 

The rest of the string consists of a five-character version number, a 
space character, a s ix-charac t er name, and any descriptive text 
(copyright, for example) that the vendor requires. 

The option ROM code and fixed data (in a format determined by the 
vendor) follows the text string. 

The last word in the ROM stores the cyclic redundancy check (CRC-16) 
remainder from all the previous bytes in the ROM. Both the power-up 
test and the advanced diagnostics test read this word to see if the 
ROM is working properly. The CRC-16 routine, available in the system 
ROM, calculates this remainder. When the CRC remainder is correctly 
placed, running the CRC-16 routine through the entire length of the 
ROM (including the CRC) results in a zero remainder. The CRC-16 
routine available in the system ROM calculates the remainder. 


4.4.3 Option ROM Interrupt Vector Usage 

The system ROM uses interrupt vector locations in the first IK bytes 
of RAM for hardware interrupts, interface to the ROM functions, and 
other ISRs . See paragraph 4.3.1 for more information. 

Interrupt vectors access the option ROM entry points. The option 
software can use the vectors above 80H (vector address 200H) . 
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NOTE 

Conflicting vector assignments can cause data 
loss or data errors. Be extremely careful when 
making these assignments. 


4.4.4 RAM Usage by Option ROM 

Each ROM has a separate RAM data area assigned to it. These data 
areas float; therefore, the ROM does not require a dedicated area in 
RAM. Copying the data area and updating the pointer moves the data 
area. The ROM accesses these data areas using the pointers and sizes 
in the i~nterrupt vector area, so that moving the data area does not 
affect the ROM. The ROM initializes the pointers and data areas at 
boot-up time, so the system ROM data area pointer is the only one 
used. 

All option ROMs are addressed at absolute segment addresses F400H, 
with an offset from 0000 to AOOOH. The ROM code is linked so that 
its code segment is F400H. This code segment was chosen so that 
option ROMs can be addressed with the same code segment as the system 
ROM. This enables the option ROM to access the ROM powerup entry 
routines as NEAR instead of FAR. The first location of the system 
ROM, described in segmen t : of f se t notation, is F400:A000. 

There is another advantage to linking the ROMs this way. The 
interrupt vector area at location 0000:0000 is now also accessable as 
F400:C000. This simplifies slightly the code sequence used to assign 
a local data area. 


4.4.5 Initializing the Option ROM 

The power-up sequence executed by the main ROM tests each option ROM 
address in sequence. Address 0F400:0000H i s~ tested first and address 
0F400:8000H (the main board option ROM) is tested last. Hhen a ROM 
is found, the diagnostics performs a CRC-16 calculation. The system 
displays an error message if the ROM is bad. If the ROM is good, the 
system initializes the option ROM. The initialization code saves the 
BX, DX . SI, SP, CS , SS , and DS registers so that using a NEAR return 
instruction returns control to the system ROM, 


4.5 BOOTING UP THE SYSTEM 

Most system software is contained in some mass-storage system 
(diskette, Winchester disk, or local network server). The user must 
be able to find and load the system software from these devices. The 
Texas Instruments Professional Computer loads a single sector of 
program information from a known point on the specified device. The 
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system then calls the code that was loaded, which "bootstraps” the 
rest of the programs. 


The location loaded at power-up is the lowest logical sector 
available. For diskettes and Winchester disks, this location is 
cylinder (track) 0, surface (side) 0, and sector 1. (Sector numbers 
s tar t at 1 . ) 


4,5.1 Boot Sequence 

The options installed in the system determine the boot sequence. The 
sequence starts at the highes t -pr i or i ty option address ( 0F400 ; OOOOH) , 
proceeds to the lowest ( 0F400 : 8000H) , then boots the diskette system. 
The boot sequence is: 


1 . 
2 . 

3 . 

4 . 

5 . 

6 . 


Local Area Network (LAM) 
Winchester disk subsystem 
Diskette drive A 
Diskette drive B 
Diskette drive C 
Diskette drive D 


Pressing the ESC key during the power-up sequence (immediately after 
the "white flash" appears across the top of the screen) changes the 
boot priority. Each time the ESC key is pressed, the system lowers 
the boot sequence to the next available option. For example, if the 
system contains either an LAN or a Winchester disk, pressing the ESC 
key once lowers the boot sequence to the first diskette. If the 
system contains both an LAN and a Winchester, pressing the ESC key 
once moves from the LAN down to the Winchester, while pressing the 
ESC key twice moves to the first diskette. 


4.5,2 Loading and Calling the Boot Code 

The booting device loads the boot code at address 0000:C000H. The 
stack operates below this address. After the code is loaded, the 
system checks address 0000:C1FCH for the bytes 74H and 69H (l_i.) . The 
presence of these bytes indicates a Texas Instruments system disk. 
If these bytes are absent, the system generates an error message. 
(Texas Instruments disks used only for data storage contain the 
characters "NO”.) The system then runs the CRC-16 test over all 512 
bytes of the lowest logical sector loaded at power-up. If the CRC-16 
remainder is incorrect, the system generates an error message. If 
the system passes both these tests, it calls the boot sector code at 
address 0000:C000H (FAR). The logical drive number (0, 1, 2, 3) from 
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which the system boots is placed in register BL . 


Before loading the operating 
required initializations such as 
(single or double sided, 40 or 
Hinchester drive. (The DSR must 
for further loading.) 


system, the boot code performs other 
setting up the type of floppy disk 
80 track), or setting up the type of 
be able to recognize the disk format 


The boot code then loads any system files needed by the OS and jumps 
to the OS code. If the OS requires RAM where the system ROMs are 
using it, the RAM data areas used by the ROM can be moved. The 
pointers to the RAM segments must be modified accordingly. If a ROM 
is not using a RAM data area, its pointer is 0000. This pointer must 
remain zero even if the area is moved. Table 4-3 gives the addresses 
of these pointers. 


Table 4-3 Pointer addresses and Descriptions 


Address Pointer Description ROM Address 


0000 : 0180 

System 

ROM 

data 

segment pointer 

F400: AOOO 

0000 : 0182 

Sys t em 

ROM 

data 

length in bytes 


0000 : 0184 

Opt i on 

ROM 

data 

segment pointer 

F400 : 0000 

0000 : 0186 

Opt i on 

ROM 

data 

length in bytes 


0000 : 0188 

Opt i on 

ROM 

data 

segment pointer 

F400 : 2000 

0000 : 018A 

Opt i on 

ROM 

data 

length in bytes 


0000:0180 

Opt i on 

ROM 

data 

segment pointer 

F400 : 4000 

0000 : 018E 

Opt i on 

ROM 

data 

length in bytes 


0000 : 0190 

Opt i on 

ROM 

data 

segment pointer 

F400 : 6000 

0000 : 0192 

Opt i on 

ROM 

data 

length in bytes 


0000 : 0194 

Opt i on 

ROM 

data 

segment pointer 

F400 : 8000 

0000 : 0196 

Opt i on 

ROM 

data 

length in bytes 



If any errors occur during the loading and initializing of the OS, 
the boot code returns to the caller. The registers BX , ES , CS , and 
the stack must be preserved. The register DS must be preserved 
unless the ROM data areas are moved. If the data areas are moved, 
adjust the DS register by the amount of difference between the 
original position and the new position. A DSR error code returns to 
the caller displayed as a system error message. This code is 
presented in register AH. 

Appendix H gives a sample source program that could be used in the 
boot sector. 
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4.5,3 Boobing From an Option Device 


When an option device is to be booted up, it must be the last one 
called in the power-up sequence. Otherwise, other options must be 
called and initialized during the boot sequence. Appendix G contains 
a sample assembly code showing the boot sequence. 

If more than one bootable option is present in the system, each one 
must have the DX register set to OFFFFH. The bootable option then 
calls all lower priority ROMs in the system. Any ROM called in this 
manner performs all required initialization except for booting. 
Because the system ROM sets the OX register to OOOOH when it calls 
the option ROMs, an option device will boot if called by the system 
ROM, but not if called by another ROM.. 


If booting' from an option device fails, the ROM displays the 
appropriate error messages and returns to the caller with registers 
BX, OX, SI, and OS intact. The system HOM then calls the other 
options. If none of the options boot, the system ROM boots the 
Floppy Disk system. 


This procedure can cause multiple initializations of the 
However, no harm results. Entering the warm boot 
f CTRL/ALT/DEL ) from the keyboard also causes 
initializations. 


options . 
sequence 
multiple 


4.6 SYSTEM CONFIGURATION FUNCTION CALLS 

The following paragraphs describe the function calls for the two 
types of system configuration information, which are: 

* Function calls that return the information in a register 
(System Configuration Function) 

* Function calls that return the address of the information 
(Extra System Configuration Function) 

The first type. System Configuration Function, returns most of the 
information required for application programs . Extra System 
Configuration Function, the second type, is intended for use at the 
system level. This method contains additional information usable for 
changing the configuration of devices set by software. 


4.6.1 System Configuration Function 

This function is used to determine the installation status of certain 
system options. It is invoked by executing an INT 4FH instruction. 

Upon return, register BX contains the size of contiguous RAM 
(starting at OOOOOH) in paragraphs (16-byte blocks). A 128K-byte 
system, for example, would return 2000H in BX . 
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Register AX contains the system configuration word, which reflects 
the installation status of various system options. The bits of the 
word are defined in Table 4-4. 


Table 4-4 System Configuration Word-Bit Definition 
Bit Definition 


0* Diskette drive 0 (internal) installed 

1 Diskette drive 1 (internal) installed 

2 Diskette drive 2 (external) installed 

3 Diskette drive 3 (external) installed 

4 E1-E2 jumper (0 indicates Drive A is double-sided) 

5 E3-E4 jumper (0 indicates Drive A has 80 tracks) 

6 E5-E6 jumper (0 indicates a 50-Hz system) 

7 Winchester disk controller installed 

8 Serial port 1 installed 

9 Serial port 2 installed 

10 Serial port 3 installed 

11 Serial port 4 installed 

12 Graphics RAM bank A installed 

13 Graphics RAH bank B installed 

14 Graphics RAM bank C installed 

15 Reserved 


* Bit 0 is the leas t -s igni f ican t bit. Unless otherwise stated, a 
statement is true when its corresponding bit is a 1. 


4.6.2 Extra System Configuration Function 

This function determines the installation status of system options 
that are not covered in the standard system configuration call. 
Whereas the standard system configuration call returns a word 
containing the information necessary for most applications, the extra 
system configuration function is used primarily for systems 
programming purposes. 

The extra system configuration function is invoked by placing a OBH 
in register AH and executing an INTerrupt 48H. Upon return, register 
AL contains the drive-type byte (AH is undefined). BX contains extra 
system configuration word 1, and CX contains extra system 
configuration word 2. The bits of extra system configuration word 1 
are defined in Table 4-5. 
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Table 4-5 Extra System Conf i gura t i on Word 1 (BX) 
Bit Definition 

numeric coprocessor is installed 


Reserved 


8 

300/1200 

baud 

modem in 

por t 

1 


300/1200 

_baud 

modem in 

po r t 

2 

10 

300/1200 

baud 

modem in 

port 

3 

11 

300/1200 

baud 

modem in 

port 

4 

12 

300 baud 

modem 

in port 

1 


13 

300 baud 

modem 

in port 

2 


14 

300 baud 

modem 

in port 

3 


IS 

300 baud 

modem 

in port 

4 



Bit 0 is the least-signif icant bit. Unless otherwise 
stated, a statement is true when its corr esponding bit is a 

1 . 

2 of the Extra System Conf i gura t i on function call is contained 
This word is currently undefined, and is being reserved for 
expans i on . 


0 * 

1 

2 

3 

4 

5 

6 
7 


8087 

\ 

1 
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The drive-type byte defines the types of the installed diskette 
drives. This information, combined with the "installed drive" bits 
in the standard system configuration word, yields complete 
information about the drives in the system. At power-up, the drive A 
definition jumpers (El - E2 and E3 - E4) are read. The informa t i on 
is stored in memory as a byte of four identical, 2-bit fields. This 
byte is read during the extra conf i gura t i on function call and 
returned in register AL. The drive byte (in AL) is the 2-bit 
configuration code for all four of the diskette drives, whi ch is 
shown in Figure 4-1. 


7 

6 

5 

4 

3 

2 

1 

0 


Drive C 


Drive A 


Each 2-bit field is defined as: 


*MSB 


MSB* LSB Definition 


0 0 = 

0 1 

10 
1 1 


Single-sided 

Double-sided 

Single-sided 

Double-sided 


Most significant bit; LSB = Least significant bit. 


40 track 
40 track 
80 track 
80 track 
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Figure 4-1 Register AL Drive Byte 


The operating system uses this drive byte to format, copy, and use 
diskette files. It is possible to mix drive types in one' system (for 
example, one single-sided and one double-sided drive) by setting the 
drive-type byte with the pertinent information; but, this is not 
recommended. Mixed-drive type systems are confusing. Users 
frequently insert the wrong diskettes; thereby losing data. 


4.6.3 Get Pointer to System Configuration 

This function is invoked by placing a OSH in register AH and 
executing an interrupt 48H. On return, ES contains the segment, and 
BX contains the offset of the standard system configuration word 
(hereafter, the notation for this is ES:BX). This function is used 
by system software that has a need to change the conf i gura t i on 
information. Although an application program can access the 
information in this manner, the conf i gura t i on must not be changed. 
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4,6.4 Get Pointer to Extra System Configuration 

This function is invoked by placing a OAH in register AH and 
executing an INTerrupt 48H. On return, ES : BX points to the extra 
system configuration information, formatted as follows: 

ES : [BX-3]= (word) Size of memory in 16-byte blocks 
ES : [BX+O]* (by te) Drive-type byte 

ES : [BX+1 ]= (word) Extra system configuration word 1 
ES : [BX-*-3] = (word) Extra system configuration word 2 

This function is used by system software that has a need to change 
the conf igiurat ion information. Although an application program can 
access the information in this manner, the configuration must not be 
changed . 


4,7 GENERAL-PURPOSE ROM FUNCTIONS 

The following paragraphs describe some general-purpose functions, 
summarize the ROM interface interrupts, and explain how the RAM uses 
the ROM. 


4.7.1 Delay 

This function causes a delay, in milliseconds, of the value placed in 
register CX . To invoke the function, place the delay value in CX, 
OSH in AH, and execute an INT 48H. The delay is approximate, but can 
be used wherever an inexact software delay is acceptable. All 
registers except CX are preserved. 


4.7.2 CRC Calculation 

This function calculates the cyclic redundancy check (CRC-16) value 
for a specified block of memory. It is invoked by placing the 
address of the memory block in ES : BX , the size of the block in BP, 
and the value 06H in AH, then executing an INT 48H. On return, OX 
contains the CRC value; if DX=0000, the Z-flag is set. For memory 
blocks that follow the convention of the CRC being the last word in 
the block, this routine allows easy CRC checking. First, the CRC of 
the memory block is calculated, with the size of the block set to the 
actual size minus two. The CRC word is then written to the last word 
of the block. Subsequently, the CRC of this block can be checked by 
calling this function with the actual size of the memory block 
(including the previously calculated CRC). By definition, the CRC 
result of this block is zero (if the CRC matches the data) and the Z- 
flag is set; otherwise, the CRC fails and the Z-flag is reset. All 
registers are used except DI , SI, and OS. ES remains unchanged. 
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4,7.3 Print ROM Message 


This function displays a ROM CS-relative message, 
placing the offset of the zero- t ermina ted message in 
and executing an INT 48H. This function is used by 
because all the ROMs share a common CS . It is not a 
routine. 


It is invoked by 
SI, 07H in AH, 
the option ROMs, 
general -purpo se 


4.7.4 Display System Error Code 

This function is used to display a system error in the standard 
format : 

** System Error** - xxxx 

It is invoked by placing the error code (the xxxx value in the 
displayed message above) in BX , placing the value OSH in AH, and 
executing an INT 48H. 


4.8 SPEAKER DSR 

The following paragraphs describe the speaker DSR and the functions 
it provides to the sys t em or applicat ion programs that use it. The 
f unc t i ons ar e : 

* Sound the Speaker 

* Get Speaker Status 

* Set Speaker Frequency 

* Speaker ON 

* Speaker OFF _ 

The speaker DSR functions are located in the system ROM and are 
accessed through the software interrupt mechanism of the 6088 
mi cr opr oce s sor . The desired function is chosen by placing an opcode 
in register AH and executing an INT 48H instruction. All registers 
are preserved except AX. 


4.8.1 Sound the Speaker - AH = 0 

This function turns the speaker on (at the current frequency) for the 
length of time specified in register AL. Time is measured in 25-ms 
increments. For example, a value of 40 in AL causes the speaker to 
sound for 1 second. Timing is handled in the ROM with the result 
that the request turns on the speaker, starts the timer, and 
immediately returns to the user. The sound continues until timed out 
by the ROM code. Because this function call occurs asynchronously 
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with the 25-ms system timer, the time can be "off” by as much as 25 
ms. For example, specifying a single 25-ms unit of time can cause 
the speaker to sound for a period of 0 to 25 ms. If there is need to 
synchronize with the sound or simply to know when sound is turned 
off, use the Get Speaker Status (AH=l) function. 


4.8.2 Get Speaker Status - AH = 1 

This function returns the status of the speaker in the Z-flag. If 
the speaker is currently enabled (sound), the Z-flag is set at 0. If 
the speaker is currently disabled (no sound), the Z-flag is set at 1. 
This function can be used to find out when a sound requested with the 
Sound the Speaker (AH=0) function has been completed. 


4.8.3 Set Speaker Frequency - AH = 2 

This function sets the frequency of the speaker. Usually this 
function is called only when the speaker is disabled. The value in 
CX sets the frequency of the timer that drives the speaker. The 
input frequency of the timer is 1.25 MHz, and the value in CX becomes 
a divider for this frequency. For example, the system beep routine 
(800 Hz) uses a value of 1563 (1 250 000 Hz / 1563 = 800 Hz). 


4.8.4 Speaker ON - AH » 3 

This function enables the speaker (turns on the sound). The speaker 
remains on until it is turned off by either 

(1) the Speaker OFF (AH=4) function or 

(2) by the ROM timing routine, which results from either the Sound 
the Speaker (AH=0) function or a normal system beep. 


4,8.5 Speaker OFF - AH =4 

This function performs the reverse of the Speaker ON (AH=3) function 
by disabling the speaker (turning off the sound). . 
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4.9 TIME-OF-DAY CLOCK DSR 

The following paragraphs describe the t ime-of “day clock DSR and the 
functions it provides to the system or application programs that use 
it. The functions are: 

I 

* Set the date 

* Set the time 

* Get the date and time 

The clock DSR consists of~routines to set and read the time of day 

and date information kept by the timing services of the sys t em ROM. 

At power-up, the time is set to 00:00:00.00, and the date is set to 
0000. These can be reset by system or user programs. Once set with 
a valid t ime , the clock keeps the correct t ime with a 1/10-s 
resolution. The t ime is kept in 24-hour format and the date is 

simply a cumulative count of days since the clock was s tar t ed . As a 
matter of convenience (for MS-DOS), the date is specified as the 
number of days'^ since January 1, 1980. For example, the date value 
for September 10, 1982, is 983. 

The three clock functions are located in the system ROM and are 

accessed through the software interrupt mechanism of the 8088 
mi cr opr oces sor . The desired function is chosen by placing an opcode 

in register AH and executing an INT 4EH instruction. All registers 
are preserved except AX and any other registers in which information 
is returned. 


4.9.1 Set the Date - AH = 0 

This function sets the date to the value in the BX register. The 
date is simply a count of days since the clock was started. By 
convention, this is the number of days since 1-1-80. The count is 
incremented when the hour rolls over from 23 to 00. 


4.9.2 Set the Time - AH = 1 

To set the time, the registers must be initialized as follows: 

. CH = Hours (00 - 23) 

CL = Minutes (00 - 59) 

DH s Seconds (00 - 59) 

DL = Hundredths of seconds (00 - 99) 

It is the user's responsibility to make sure the values passed are 
within the ranges specified. These values are not checked for range 
and can be set to represent a meaningless time. The time, however, 
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eventually counts into the normal sequence. 


4,9.3 Get the Date and Time - AH = 2 

This function returns the current date in register AX and the current 
time in registers CX/DX in the formats described previously. 


4.10 CRT DSR 

The following paragraphs describe the CRT DSR and the functions it 
provides to the system or application programs that use it. The 
major functions are (1) video mode control and (2) charac ter 
handl i ng . - ~_ 

For information about the CRT graphics hardware, refer to paragraph 
2.4.7, and to subsection 3.5. The CRT DSR functions are located in 
the system ROM and are accessed through the use of the 8088 software 
interrupt mechanism (essentially an address-independent subroutine 
call). A typical, user of this DSR is the OS-dependent system 
interface code (the BIOS), which resides on a particular OS disk and 
is loaded into RAM during disk boot up. The desired function is 
chosen by placing an opcode in register AH. The CRT opcodes and 
functions are given in Table 4-S. Various CRT functions require 
parameters to be passed in specific registers in addition to AH. 
After register AH and the parameter registers are set up, the user 
can execute an INT 49H and the specified function is performed. 
During this interrupt, all registers are preserved except AX, CX , and 
DX . 
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Opcode 


OOH 

OlH 

02H 

03H 

04H 

OSH 

06H 

07H 

08H 

09H 

OAH 

OBH 

OCH 

ODH 

OEH 

OFH 

lOH 

ilH 

12H 

13H 

14H 

iSH 

16H 

17H 

18H 


Table 4-6 CRT DSR Opcodes and Functions 

Func t i on 

(Null func t i on ) 

Set cursor type 
Set cursor position 
Read cursor position 
(Null function) 

(Null function) 

Scroll text block 
Scroll text block 

Rea.d character and attribute at current cursor position 
Hrite character and attribute at current cursor position 
Write character only at current cursor position 
(Hull f unc t ion) 

(Mull function) 

(Null function) 

Write ASCII teletype 
(Hull function) 

Write block of characters at current cursor with attribute 
Write block of characters only at current cursor 
Set entire screen to specified attribute(s) 

Clear text screen and home the cursor 

Clear graphics screen 

Set TTY status line beginning 

Set attribute latch to specified attribute(s) 

Read physical display begin pointer 
Print TTY string 
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4.10.1 Set Cursor Type - AH = OlH 

This function allows an application to define the starting and ending 
scan line for the cursor and its characteristics (either blinking or 
no cursor). Required input for this function is described in Figure 
4-2 . 


CH = 


CL = 



Byte 1 

Start scan line of cursor 

Cursor type: 

00 = no blink 

01 = no cursor 

10 = fast blink 

11 = slow blink 

Not used 


Byte 2 


End scan line of cursor 
Bits 7 through 5 not used 


(Valid values for scan line are 0 through 11 decimal.) 

2223216-23 


Figure 4-2 Byte Definition - Set Cursor Type 
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4.10.2 Set Cursor Position ~ AH = 02H 


NOTE 

The user should be aware that screen coordinates 
use the 0,0 coordinate as the upper left-hand 
corner of the display. All routines that require 
a coordinate parameter use this convention. The 
screen should look to the user as though he were 
working with the absolute value of fourth- 
quadrant coordinates of a two-dimensional 
coordinate system. 


Thi s function causes the cursor (of the current type ) to be set at 
the specified x,y (column/row) coordinate of the display. 

Required input for this f unc t i on is as follows : 

OH = X Column coordinate 

(Valid values are 0 through 79 decimal.) 

DL = y Row coordinate 

(Valid values are 0 through 24 decimal.) 


4.10.3 Read Cursor Position - AH = 03H 

This function returns the current position and type of the cursor. 
Output from the read cursor position routine is as follows : 

DH , DL = X, y (column/row) location of the cursor 

CH , CL = current cursor type ~ - 

Refer to paragraph 4.10.1 for an explanation of the values for CH and 
CL. 


The **phantom” position of the cursor in column 81 creates a special 
situation in reading the cursor postion. If a character is written 
in the last column of the screen by a TTY write, it can be read, even 
though it is not visible. This position, column 81 of the last line, 
becomes visible after another character is written and the screen 
scrolls. The position returns as column 0, row 25. This is invalid 
input to the Set Cursor Position (AH=02H) routine. 

See paragraph 4.10.18 for additional information on the cursor. 
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4.10.4 Scroll Text Block - AH = 06H and 07H 

The ROM contains only one general-purpose scroll routine, which 
handles both upward and downward scrolling. Hhen the destination 
coordinates are less than the source coordinates, the scroll is up 
and to the left; when the destination coordinates are greater than 
the source coordinates, the scroll is down and to the right. 

The scrolling functions allow an application program to specify a 
block of text, then move or copy that block to another location on 
the screen. Specifying a scroll with blanking causes the source text 
to be blanked as it is moved. During this process, the source 
charac ter is read to a temporary register and its location is 
blanked. Then the character is rewritten to its destination 
location. This provides for a nondestructive move in the event that 
the source and destination locations are the same and blanking is 
specified. This method satisfies the requirement that, in scrolling, 
the data being moved or copied be preserved in its destination 
locat ion . 

Required input for this function is as follows: 


AL 

AL 

(DH , DL) 
( BH, BL) 
CH 

CL 


0 (Blank out source text. This is a move block.) 
or 

>0 (Don't blank source text. This is a copy block.) 

Source begin column/row location 

Destination begin column/row location 

Column length of block 

(Valid values are 1 through 80 decimal.) 

Line length of block 

(Valid values are 1 through 25 decimal.) 


The source text block boundaries in (x,y) coordinates are as follows: 


Upper 

left - 

(DH, 

-DL) 


Upper 

right = 

(DH 

CH 

. DL) 

Lower 

left = 

(DH 

, DL 

+ CL) 

Lower 

right = 

(DH 

+ CH 

, DL CL) 
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The following items further describe the scrolling routines and 
explain the sequence of operation. 


* A sentence is considered the smallest logical block of text. 
Therefore, with this scrolling capability, the user can 
specify a block to be a sentence. This may (or may not) 
wrap to a new line and **unwrap'" as it is moved (or copied) 
to its destination (that is, the column length parameter 
would bypass line boundaries and pick up characters from the 
next line). The user should note that this is quite 
effective when the line length is equal to one but might 
cause unwanted block movement if the line length is greater 
than one. 

* Boundary checking for the scrolling routine is done on a 
character basis as the characters are being moved. Hhen a 
scroll down is in progress, the scroll copies the last 
character in the source block to the last character position 
in the destination block. The processing is backward 
through the blocks while checking character pos i t i ons for 
ou t -of “bound characters . Thi s means that in the scroll -down 
action, no scroll takes place if any destination position 
lies beyond the end of the screen . Asymme t r i cally , when a 
scroll up is in progress, the scroll copies the first 
character in the source block to the first character 
position in the destination block . The scroll proceeds 
forward , through the blocks , while checking charac ter 
positions for out-of-bound characters. In the scroll-up 
action, the scroll takes place until it reaches a source 
character position that lies beyond the end. of the screen. 

* When the user r eques t s scrolling with blanking, the status 
of the at tribute latch a t entry is preserved . The charac ter 
at tributes follow the charac ter as it is moved on the 
screen, and the blanked area is written with the default 
attributes (that is, high intensity for a monochrome 
monitor, and white for a color monitd~r). 

* When the user requests scrolling wi thou t blanking, the 
attribute latch is set to the same status as the attribute 
of the last character that was scrolled (that is, the 
attribute of the first character of the source block when 
scrolling down, or the attribute of the last character of 
the source block when scrolling up). 
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4.10.5 Read Character/Attribute at Cursor Position - AH = 08H 

This function returns a character and its associated attribute from 
the current cursor position on the screen as follows. See paragraph 
4.10.15 for attribute values and a description of the attributes 
support ed . 


AH = Attribute value 
AL = Character read 


' - NOTE 

The attribute latch remains set to the attribute 
that is returned. 


4.10.6 Hrite Charac t er/A t t r i bu t e at Cursor Position - AH = 09H 

This function enables the writing of a character with the given 
attribute at the current cursor position. (The attribute latch 
remains set to the attribute specified in register BL . ) The user can 
specify a count and cause the character to be written a given number 
of times starting at the cursor’s current position. This function 
does not increment the cursor automatically, and the cursor remains 
at its current position while the characters are written in 
succession from that location. If an application uses this method of 
writing characters, it is assumed that the application also handles 
the cursor positioning. Therefore, no cursor movement is 

implemented. Control characters (CR,LF, and so on) are not executed 
as such when using this function; their symbols are printed on the 
display. For more information, refer to paragraph 4.10.15. 

The required input for this function is as follows: 


AL = Character to write 

BL = Attribute of character(s) 

CX = Humber of times to write the character 
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4.10.7 Write Character at Cursor Position “ AH =■ OAH 

This function is similar to the preceding function. The difference 
is that the character being written takes on the attributes remaining 
in the attribute latch from the last CRT call. For more information, 
refer to paragraph 4.10.6. 

The required input for this function is as follows: 

AL = Character to write 

CX = Number of times to write the character 


4.10.8 Write ASCII Teletype « AH = OEH 

This function allows TTY output to the screen from application 
programs. Writing begins at the current cursor position, and the 
cursor is advanced automatically to its next position on the screen. 
For more information, refer to paragraph 4.10.18. The screen is 
scrolled au t oma t i cally when needed ( such as writing past the end of 
the screen ) . The con trol characters CR , LF , BS , and BEL are executed 
ra ther than written. ^ 


NOTE 

If a status region is currently in use , the 
scroll starts one line before the beginning of 
the status region, exactly as if tha t line were 
the end of the screen. 


Because the contents of the attribute latch remain unchanged, each 
character written with this function assumes the attributes of the 
previously written character. 

The required input for this function is as follows : 

AL = Character to write 
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4.10.9 Write Block of Characters at Cursor With Attribute - AH=10H 

This function writes a given block of data with a specified attribute 
to the screen, starting at the current cursor position. This 
function requires less screen I/O overhead if an application program 
has a ’’known" block of data to be written to the screen. "Known” 

means that the block is of a given length, and is in a given 
contiguous area of memory. As with the Wr i t e/Charac t er Attribute at 
Cursor Position function, the cursor is not automatically 

incremented. For more information, see paragraph 4.10.15. 

The required input for this function is as follows: 

AL = Attribute(s) of characters * 

OX = Segment location of character block 

BX = Offset location of character block 

CX = Block length ** 


4.10.10 Write Block of Characters Only at Cursor Position - AH^llH 

This function is similar to the preceding function, with the 
difference that the attribute parameter is not specified. The 
characters assume the attribute(s) remaining in the attribute latch 
from the last CRT call. 

The required input for this function is as follows: 

AL = Don't care 

DX = Segment location of character block 
ax = Offset location of character block 
CX = Block length ** 

* The attribute(s) specified is in effect for the entire 

block and the attribute latch remains set to the attribute 
specified in register AL. 

** This routine "clips" any characters that do not fit on the 

screen. Characters are written to the end of the screen, then 
all other characters are lost/not written. To prevent losing 
characters, the user should place the cursor so that the 
number of character positions from the cursor to the end of 
the screen is greater than or equal to the block length. 
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4.10.11 Change Screen Attribute(s) - AH = 12H 

This function specifies attribute(s) that affect all of the 

characters on the display. The attribute latch is set to the 
attribute specified in register AL on exit. This routine does not 
change the position of any characters on the screen. Two examples 
are blinking of the entire screen and reverse video of the entire 
screen. For more information, see paragraph 4.10.15. 

The required input for this function is as follows: 

AL = Attribute(s) to use 


4.10.12 Clear Text Screen and Home the Cursor -- AH 13H 

This routine clears the text screen and sends the cursor to the home 
position (0,0 coordinat es ) . 


NOTE 

This function **erases” any data contained in the 
status region but leaves the status region 
implemen t a t i on in effect. 


The required input for this function is as follows: 
AH = 13H (function number) 


4.10.13 Clear Graphics Screen(s) - AH = 14H 
This function clears the graphics screen. 
Required input for this function is as follows: 
AH = 14H (function number) 


4.10.14 Set TTY Status Region Beginning - AH = 15H 

This function specifies a beginning line on the screen. The text 
from this beginning line to the end of the screen is considered the 
status region. This fucnction can define a status region of one or 
more lines. This region remains in effect until it is reset. During 
TTY writes, this area remains intact and everything above this line 
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scrolls as necessary. In order to write to this area, the user 
should : 

1. Read and save the current cursor position. 

2. Locate the cursor within the status region. 

3. Use one of the write character functions (not the TTY 
write) . 

4. Restore the cursor to its original position. 


Required input for this function is as follows: 

CH = d (must always be zero) 

CL =5 Start line of status region 

(Valid values are 0 through 24.) 

A value of zero (0) for the start line resets the status region 
impl emen ta t i on . The start line must be a line after the current 
cursor position, or no status region is implemented. 


4.10.15 Set Attribute(s) - AH - 16H 

This function provides an alternate method with which to control the 
following a t t r i bu t e ( s ) . 


* Intensity levels 1, 2, and 3 (blue, red, and green) 

* Character enable/disable 

* Rever se/normal video 

* Underline 

* Blink 

* Alternate character set 

This function sets the specified attribute(s) into the attribute 
latch, and subsequent characters written to the screen assume the 
a t t r i bu t e ( s ) . Combining this function with a Write Character (either 
block or single) at Cursor P o s i t i on ( AH= OAH ) function has the same 
effect as the Write Charac t er /A t t r i bu t e (either block or single) at 
Cursor Position (AH=09H) function. The attribute latch remains set 
to the attribute specified in register BL . 

Although more than one attribute can be used, certain combinations do 
not make sense. For instance, if the character enable attribute is 
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set to a zero, then the character will not appear nor will any of the 
other attributes except for reverse video. 

The required input for this function is shown in Figure 4~3. 


BL = Attribute(s) to set 

(BL is used to distinguish this function from the change screen attributes 
function). 



Intensity level 1 (blue) 

Intensity level 2 (red) 

Intensity level 3 (green) 

Character enable (second dominant)* 
Reverse video (first dominant)* 
Underline 
Blink 

Alternate character set 


* The user can specify more than one attribute. For instance, it is pos- 
sible to have reverse video with an underlined, blinking, red charac- 
ter. The user can mix the intensity (color) bits for different intensities 
or colors for a given character. 

2223216-24 


Figure 4-3 Byte Definition - Set Attribute(s) 
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4.. 10. 16 Get Physical Di splay-Begin Pointer - AH = 17H 

This function is used to return the physical di splay-begin pointer to 
an application. Logically, the di splay-begin pointer is always at 
0,0, but there is a physical address (offset) associated with the 
beginning of the display that changes from time to time as the screen 
is scrolled, cleared, or otherwise changed. This routine returns 
that offset address relative to the CRT memory area whose segment 
address is DEOOH. The screen memory is a 2K-byte contiguous block of 
RAM. Once the starting location of this block is known to the 
application, any character on the screen can be accessed. For 
example, the last character on the screen is located at 

(DEOOH: d i splay-begi n +2000) and the eightieth character on the 

screen (top line, last” character on the line)is located at 

(DEOOH : di splay-begi n + 80). This returns the d i splay-begi n pointer 

as follows: 

DX = 16-bit display-begin pointer (offset) 

Example: DX = O implies that the first character on the 

display resides in memory location DE00:0000H 

DX = 150H implies that the first character on the 
display resides in memory location OE00:0150H 


4.10.17 Print TTY String - AH = 18H 

With this function, the user can have a contiguous string of 
characters, of a given length, located in a code segment to be 
printed (starting at the current cursor position) in a TTY fashion. 
As with the Write TTY function, this routine executes the control 
characters CR , LF , BS , and BEL and scrolls the screen if necessary. 

Required input for this function is as follows: 

BX = Address (offset) of the string* 

Where: (BX) byte 0 = length of the string 

(BX) byte 1 = first character of the string 

* The user’s code segment address is obtained from the stack 
and therefore does not need to be passed as a parameter. 


4.10.18 CRT TTY Mode Behavior 

The following is a brief description of the behavior of the CRT when 
used in the TTY mode as well as its behavior when being used in 
"mixed” modes. The user should read this information carefully, 
especially if the user mixes non-TTY functions with TTY functions. 
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Internally, the CRT DSR implements a ^’phantom'* column 81 on each 
line, which is actually column 1 of the following line. This 
’^phantom** column occurs when a TTY write puts a character in the 
eightieth column of the current line. If a carriage return (<CR>) 
command is issued at this point, the cursor moves from the column 81 
of the current line back to column 1 of the current line. However, 
if the cursor is in column 81, reading the cursor position returns 
(current line 1, column 0), instead of (current line, column 81). 
The user must be aware of this before attempting to restore a cursor 
position which logically came from column 81, because the Set Cursor 
Position function has no concept of a column 81. This concept 
disturbs the TTY mode and it restores the cursor to a new logical 
position, that is, to column 1 of the next line. Although the column 
1 position has only one physical location, it can be interpreted as 
two different logical locations, depending on the current CRT action 
(mode ) . 


4.10.19 Custom Encoding of the CRT 

It is possible for the user to custom encode the characters displayed 
on the CRT, using the CRT ^’mapping” function. This mapping allows 
the applications first to intercept characters (and CRT actions if 
necessary) then to encode them. 

Upon entry to the CRT DSR, a software interrupt is executed, which 
points to an IRET instruction. An application program can reprogram 
the IRET to intercept calls to the CRT DSR. The program can thereby 
**take over'* the CRT. This is the typical method used to remap 
characters to the screen. For instance, this feature can be used to 
scan through a table, converting English characters to characters in 
some other language. Another use is intercepting "function calls" 
(such as scroll or attribute handling) so that the application 
program can custom encode CRT functions. The user must be careful 
when performing this operation, however, because it is possible t© 
disturb the data structures of the CRT DSR. 


NOTE 

After finishing with this function, the user mus t 
restore the vector to its original value. 
Otherwise, the system could "go away." 


After the user enters his mapping routine, he can use all registers 
except ES , DS , and BP. To use these registers, he must save them, 
then restore them, upon exit. Before using this mapping feature, the 
user must look at the opcode in register AH to determine if it is a 
write character request. If so, he must also preserve register AH 
and any registers associated with the write function contained 
therein. For example, to map all dollar sign symbols ($) to the 
percent sign (%)# the routine monitors register AH on each call to 
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the CRT DSR. If AH contains a write character opcode, the routine 
then looJcs at register AL . If register AL contains 24.H (the ASCII 
code for the user changes that register to 25H (the ASCII code 
for then executes an IRET instruction, returning to the screen 
with the new character. (The currency symbol returned depends on the 
internation keyboard being used.) Ail registers are preserved, but 
register AL has been changed. 


4,11 DISK OSR 

Table 4-7 describes the disk, device service routines (disk OSR) 
supported by the Texas Instruments Professional Compu ter. To access 
a function, place the proper opcode in register AH, then execute an 
INT 4DH. 'On return, all -r egi s t er s are preserved except where stated. 


Table 4-7 Disk DSR Opcodes and Functions 


Alb 


Code 


Description 


OOH Reset disk system 

OlH Return status code (for last operation) 

02H Read sectors 

03H Write sectors 

04H Verify sector CRCs 

OSH Null operation 

06H* Verify data 

07H* Return retry status 

OSH* Set standard disk interface table (DIT) for unit 
OSH* Set DIT address for unit 

OAH* Return DIT address for unit 

OBH* Turn off diskette drive motors 


These functions are primarily for the use of 
system-level software and utilities. 


4,11,1 Reset Disk System - OOH 


Input : AH = OOH 
Output AH = OOH 

This function causes the disk system to restore itself to a known 
state. The actions performed for each supported device varies with 
the requirements of the device and the device-dependent software. In 
general, the function causes the disk con troller ( s ) to reinitialize 
before their next use. 
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4.11.2 

Return Status Code - 

OlH 

Input ; 

AH 

= OlH 


Ou tout: 

AH 

= OOH 



AL 

= Status code for 

last 


CF 

= 0 (No change) 



I/O operation 


Not all disk DSR functions are I/O operations (this one, for 
instance). A status is returned in AH for each function, but the 
status of the last I/O request is always retained for later access 
(via this function), if desired. 


4.11.3 Read Sectors - 02H 


Input : 


AH s 02H 

AL = Number of sectors to transfer 
CH = Cylinder number 
CL s Sector number 

DH = Track (surface or side) number 
OL s Drive number 

ES : BX a Segment : of f set of buffer 


Ou t pu t : AH = I/O status code 

(For more information, refer to paragraph 4.11.13. ) 
AL a Number of unprocessed sectors 

ES : BX a Segmen t : of f se t of the last sector processed* 


This function reads data from the disk. Any number of sectors can be 
transferred subject to memory boundary limitations (The segment's 64K 
boundary and disk boundaries cannot be crossed.) 

* "Last sector processed" means exactly that. Even if the read was 
in error, the data Is transferred to memory. 
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4.11.4 Write Sectors -OSH 


Input : AH = OSH 

AL = Number of sectors to transfer 
CH = Cylinder number 
CL = Sector number 

DH = Track (surface or side) number 
DL = Drive number 

ES : BX = Segmen t : of f se t of buffer 


Output : AH = I/O status code 

(For more information, refer to paragraph 4.11.13.) 
AL = Number of unprocessed sectors 

ESJ BX = segment :.off set of the last sector processed* 


This function writes data to the disk. Any number of sectors can be 
transfered subject to memory boundary limitations. (The segment’s 
64K boundary and disk boundaries cannot be crossed.) 


* "Last sector processed*' means exactly that. If the write is in 
error, ES : BX points to the data which the OSR is attempting 
to transfer. 


4.11.S Verify Sector CRCs 


04H 


Input : 


AH = 04H 

AL a Number of sectors to transfer 
CH = Cylinder number 
CL = Sector number 

DH = Track (surface or side) number 
DL = Drive number 

ES : BX = Segmen t : of fse t of buffer 


Ou tout : AH = I/O status code 

(For more information, see paragraph 4.11.13.) 

AL = Humber of unprocessed sectors 

ES : BX s Segmen t : of fse t of the last sector processed* 


This function verifies the CRCs of the specified sectors. Because 
this function is handled like an I/O f unc t i on , ES : BX must be set as 
though a transfer is to take place although no data is actually 
transferred. Any number of sectors can be processed subject to 
memory boundary limitations. (The segment's 64K boundary and disk 
boundaries cannot be crossed.) 


* "Last sector processed” has little meaning in 
this function does not actually transfer data 


this 


case because 
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4.11.6 Null Operation - OSH 

This function is not currently supported. 


4.11.7 Verify Data - 06H 


Input : 


AH 06H 

AL = Number of sectors to process 
CH = Cylinder number 
CL = Sector number 

DH = Track (surface or side) number 
DL = Drive number 

ES : BX = Segmen t : of f se t of buffer 


Ou tout : AH = I/O status code 

(For more information, see paragraph 4.11.13.) 

AL s Number of unprocessed sectors 

ES : BX = On error, segmen t : of fse t of HORD in error 


This function verifies disk data against data in memory. Any number 
of sectors can be processed subject to memory boundary limitations.' 
(The segment's 64K boundary and the disk boundaries cannot be 
crossed . ) 


4.11.8 Return Retry Status. - 07H 


Input : AH = 07H 

Output : AH = OOH 

AL = Soft error status of last I/O operation 

This function is similar to the Return Status Code f unc t i on . It 
returns the "soft” error status of the last operation. Soft error 
refers to an error that did not recur when, the last operation was 
retr ied . 
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4.11.9 Set Standard Disk Interface Table - OSH 


Input : AH = OSH 

AL = Standard DIT number 

(Valid values are 0 through 3.) 

DL = Diskette drive number 

(Valid values are 0 through 3.) 

Output : AH Error status 

(For more information, see paragraph 4.11.13.) 

(Note: This function is used by the operating system software.) 

Disk interface tables (DITs) are data structures containing 
information that the devi ce-dependen t part of the DSR uses to 
interface with the devi ce-dependen t code for a specific disk device. 


With this function, the user can set a diskette drive to one of four 
standard conf igurat ions by setting the drives's DIT. The standard 
DIT numbers are defined as follows: 

Number Description 


0 

1 

2 

3 


Single sided, 48 tpi , 
Double sided, 48 tpi. 
Single sided, 96 tpi. 
Double sided, 96 tpi. 


8 sec tors /track, 
8 sec tor s/t rack , 
8 sec t or s/ t rack , 
8 sec tor s/t rack , 


512-byte 

512-byte 

512-byte 

512-byte 


sectors 
sec tor s 
sectors 
sectors 


4.11.10 Set DIT Address for Drive - 09H 


Inpu t : AH 

DL 

£S : BX 


09H 

Disk drive number 

(Valid value is 0 through 7.) 
Segmen t : of f se t of DIT for drive 


Ou t pu t : AH = Error status 

(For more information, see paragraph 4.11.13.) 


(Note: This function is used by the operating system software.) 


Disk interface tables (DITs) are data structures containing 
information that the devi ce-dependen t part of the DSR uses to 
interface with the de vi ce -dependen t code for a specific disk device. 

With this function, the user can set any disk to a nonstandard 
conf igurat i on . The disk drives are dynamically linked to the system 
by this mechanism. 
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4.11.11 Return DIT Address for Drive - OAH 


Input : AH 

DL 


OAH 

Disk drive number 

(Valid value is 0 through 7.) 


Output : AH 

ES : BX 


Error status 

(For more information, see paragraph 4,11.13e) 
Segmen t : of f se t of DIT for drive 


(Note: This function is used by the operating system software.) 


Disk interface tables (DITs) are data structures containing 
information that the de vi ce - i ndependen t part of the DSR uses to 
interface with the devi ce-dependen t code for a specific disk device. 

With this function, the user can access a drive’s DIT for information 
and verification purposes. 


4.11.12 Turn Off All Diskette Drives ~ OBH 


Input : AH - OBH 


Output : AH = 0 

ES : BX = not preserved 

(Note; This function is used by the operating system software.) 

During regular operation, the diskette drive motors are left ON for a 
short period following a read or write operation, thereby saving the 
time the motor would use to come up to speed. Some appl i ca t i ons , 
notably diagnostics, require assurance that the motors are not 
running. 


4.11.13 Status Codes 

All functions return a status code in register AH and an error flag 
in CF. If the carry condition is set (CF = 1), then an error has 
occurred and AH contains the error code. If the no-carry condition 
is set (CF = 0), no error has occurred and AH contains a zero. The 
error codes are given in Table 4-8. 
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Value 

OOH 

80H 

40H 

20H 

lOH 

08H 

04H 

02H 

OlH 

03H 

05H 

09H 


Table 4-8 Error Codes 


Descr i D t i on 


No error 

Time-out - drive not ready or hardware failed 
Seek failed - track not found 
Controller hardware failed 
CRC error 

Data request error - controller failure 
Record (sector) not found 
No data - bad disk format 

Command error - bad opcode or parameter 
Disk write protected 
Data ji^id not verify 

I/O transfer crosses 64K byte boundary 


4,11»14 Disk Interface Tables (DITs) 

The Disk Interface Table ( DIT) s t r uc ture interfaces device-specific 
code with the generalized disk driver code. 

Because DITs contain read-only data exclusively^ they can be placed 
in ROM. 

The structure of a DIT is shown in Figure 4-4. 
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16 bits ► 

OOH 
02H 
04H 
06H 
OSH 


DITDIR- 


DITSEC 


DITTRK 


DiTCYL 


DITDSK 


DITERR 


Long pointer to disk interface routine 
Sector size in bytes 

Track size in sectors; cyclinder size in tracks 
Disk size in cylinders; error retry limit 


All other fields depend on the code 
requirements of the specific device. 

A. General DIT Structure 


■16 bits 


OOH 

ni rirvipj 

02H 


04H 

DITSEC 

06H 

DITTRK 

DITCYL 

OSH 

DITDSK 

DITERR 

OAH 

PRCOMP 



Long pointer to diskette interface routine 
Sector size in bytes 

Track size in sectors; cyclinder size in tracks 

Disk size in cylinders; error retry limit 

Threshold track number for changing 
write precompensation 


B. Diskette Drive DIT Structure 


2223216-25 


Figure 4-4 DIT Structure 
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The following procedure shows how to set up the disk DSR in order to 
access a flexible disk (floppy) with a **nons tandard*’ format. 
( **Nons tandard** is a format that usually is not supported by the Texas 
Instruments Professional Compu ter.) 


MOV AH, OAH 

MOV DL,<unit number> 

INT 4DH 

LES BX, ES: (DWORD PTR [BX] 

MOV <your DIT>*»"0,BX 

MOV <your DIT>^2,ES 


Set ••return DIT address^^ opcode 
Any floppy disk unit (0 - 3) 
Call d i sk DSR 

ES : BX := address of floppy code 
Put address of f loppy-speci f i c 
code in your own DIT 


< ini t ial ize your DIT> -- ; Do whatever else you need to your DIT 


MOV ES ,SEG<your DIT> ; EX : BX = address of your DIT 

MOV BX, OFFSET<your DIT> 

MOV AH, 9 ; Set ••SET DIT ADDRESS •• opcode 

MOV DL , < un i t number > ; Unit number 

INT 4DH ; Call disk DSR 


NOTE 

The f loppy- spec i f i c code comprehends only double- 
density (MFM) r ecording format. It does not know 
how to access s i ngle-dens i ty (FM) recording 
format diskettes. 
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4.12 KEYBOARD DSR 

This subsection describes the keyboard DSR and the functions it 
provides to the system or application programs that use it. It also 
shows the various codes returned by the DSR for the standard 
conf i gura t i on of the keyboard . 

The keyboard DSR functions are located in the system ROM and are 
accessed through the 8088 software interrupt mechanism (essentially 
an addres s- independent subroutine call). The typical user of the 
keyboard DSR is the system interface code (the BIOS). Each 
opera t ing-sys t em-dependen t BIOS resides on a particular operating 
system diskette and is loaded into RAM during disk boot. 

The functions described in this subsection access a buffer that is 
controlled by the keyboard interrupt service routine. All encoding 
and any special handling (described in subsequent paragraphs) occurs 
in the interrupt service routine. All discussions of keyboard 
mapping vectors refer to actions occurring during the servicing of 
the keyboard hardware (not software) interrupt. 

Placing an opcode in register AH and executing an INT 4AH chooses the 
desired function. All registers except AX are preserved. The 
functions of the keyboard DSR are described in the following 
paragraphs . 


4.12.1 I ni t i al i za t i on Logic 

The code for this function is automatically executed during power-up 
or reboot and is not directly available to the user. It performs 
diagnostics on the keyboard hardware, sends to it the required 
initialization sequences, and initializes the DSR internal data 
areas . 


4.12.2 Read Keyboard Input - AH = 0 

This function reads and removes the current character (if any) from 
the keyboard buffer. The character value is returned in register AX. 
If no character is ready, the DSR waits until one is received before 
it returns to the caller. This character has already been fully 
encoded (Table 4-10 lists the ASCII codes.) Typically, the encoded 
ASCII character is returned in register AL , and register AH contains 
00. If AL = 0, then the coded value in AH corresponds to one of the 
various function keys. (Table 4-11 lists the non-ASCII codes for the 
f unc t i on keys . ) 
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4.12.3 Read Keyboard Status - AH - 1 

This function determines that a character is ready at the keyboard 
but does not actually read it. If no character is waiting, it 
returns with the Z-flag set (ZF = 1).. If the Z~flag is reset 
(ZF =0), a character is available to be read. The character value 
is returned in AX, but is not removed from the keyboard buffer. 


4.12.4 Read Keyboard Mode - AH = 2 

This function determines the current mode of the keyboard . The mode 
value is returned in register AL in the format shown in Figure 4'-So 
The definition of the byte is as follows. 
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Because the **mode'* applies to the last character typed and no/ 
necessarily to the one at the front of the queue, this function return, 
valid information only if the keyboard buffer contains one or less 
characters. In order to use this function, read the key normally, then 
make a status check to ensure that the buffer is empty. When the 
buffer is empty, the mode reading will be valid. 

Use this function only if it is necessary to know the state of the 
mode when the last character was typed. See the section entitled 
’’Custom Encoding of the CRT” in Section 4 for an explanation of 
remapping the keyboard. 


4.12.5 Flush Keyboard Buffer - AH = 3 

This function is used to ’’flush” (empty) the keyboard type™ahead 
buffer. It simply resets the queue pointers, which effectively 
empties the buffer. 


4.12.S Keyboard Output - AH = 4 

This function sends the keyboard command in AL directly to the 
keyboard, with appropriate handshaking. On return, the Z-flag has 
the status of the operation. If the Z-flag is set (ZF=1), the 
command was performed correctly; otherwise (ZF=0), an error was made. 
The keyboard commands sent by the CPU are given in Table 4«9. 

Table 4-“9 Keyboard Commands 


Regi s t er 
AL 


Function 
Per f ormed 


00 

01 * 

02 

03 

04* 

05 

06* 

07 

08 


Performs a power-up reset and 
installs default paraumeters 
Turns r epea t -ac t i on feature ON 
Turns r epea t -ac t i on feature OFF 
Locks the keyboard 
Unlocks the keyboard 
Turns keyclick ON** 

Turns keyclick OFF** 

Rese t s 

Returns keyboard ROM version 


* Indicates the default value. 

** Keyclick requires a hardware modification, 
(It is not presently supported.) 
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These commands are intended for ”one-shot*' use, to set the keyboard 
mode at power-up. Although they may be sent at any other time, the 
overhead of receiving several commands can cause the keyboard to miss 
fast keystrokes. There are other ways to implement these commands. 
A CRT emulator program may be required to turn r epea t -ac t i on on and 
off in response to escape sequences from a host. For example, if an 
application needs to set/reset the r epea t -ac t i on mode, or to 
lock/unlock the keyboard in real time, these functions can be 
programmed into a keyboard mapping routine. Refer to paragraph 
4.10.19. 


4.12.7 Put Character Into Keyboard Buffer - AH = 5 

This function places the 16-bit value in BX directly into the 
keyboard buffer. On retur~n, if the Z-flag is reset (ZF = 0), the 
character was placed in the buffer (this is the usual case). If the 
Z-flag is set (ZF=1), it means that the buffer was full and the 
character was not placed in the buffer. (The character remains in 
BX . ) Assuming that the buffer was empty at the start, and that no 
keys on the keyboard have been pressed, a Read Keyboard Input (AH=0) 
function call retrieves this character. Any 16-bit value can be 
placed into the buffer, but unless the user has some explicit 
application that understands ’’strange” characters from the keyboard^ 
it is recommended that only standard characters generated by the 
keyboard be used. The format for the characters is the same as that 
given in the Read Keyboard Input function. 

To place a normal ASCII character into the buffer, make the function 
call with the character value in BL and zero in BH . To place 
function keys into the buffer, make the function call with the 
extended function value in BH , and zero in BL . (See Table 4-10 and 
Table 4-11 . ) 

This function is useful when a program needs characters to appear as 
though they had been typed. Two examples follow. 


* An application can disable the operating system printer 

’’echo” feature by inserting the appropriate ’’echo off” 
character ( CTRL H for MS-DOS) into the buffer during 
i n i t i al i za t i on . The operating system sees this as just 

another key and turns off the echo. 

* Many operating systems lack a chaining feature, and this 

function can provide one. Immediately before a program 

terminates, flush the keyboard buffer, then place characters 
simulating a typed command into the buffer. When the 
program terminates, the operating system takes over, reads 
the keyboard buffer, and performs that command (which could 
invoke a second program, thereby ’’chaining” programs). 
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4.12.8 General Keyboard Layout 

The outline of the keyboard and the key-position numbers associated 
with each of the keys are shown in Figure 4-6. The numbers in the 
upper right-hand corner of the keys are the scan codes sent from the 
keyboard. These codes are used internally by the keyboard DSR to 
encode a key when pressed. The mode keys (marked ***) do not 
generate a scan code. 



2223216-Z7 


Figure 4-6 General Keyboard Layout Showing Scan Codes 
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4.12,9 Character Codes 


Table 4-10 lists the character 
by the keyboard DSR. The 
keyboard DSR, and the returned 
this table . 


and extended function codes returned 
inodes are handled internally by the 
code reflects the mapping shown in 


Table 4~10 Standard Keyboard Character Codes 


1 

Key n 

Normal j SHIFT | CTRL 

1 ALT 1 

Commen t s 

1 

01 

f 5 

3F* 1 sf 5 

58* 1 Cf 5 

62* ) af 5 

6C* 1 

FS 


1 

02 

,f6 

40^ ) sf 6 

5_9 * 1 C f 6 

63* |af 6 

6D* 1 

F6 


i 

03 

f 7 

41* 1 sf 7 

5A* 1 Cf 7 

64* 1 af 7 

6E* 1 

F7 


1 

04 

f 8 

42* 1 sf 8 

SB* ) cf 8 

65*1 af 8 

6F* 1 

F8 


1 

05 

f 9 

43* j sf 9 

5C* 1 Cf 9 

66* I af 9 

70* i 

F9 


1 

06 

f 10 

44* ) sf 10 

5D* 1 cf 10 

67* |af 10 

71*1 

FIO 


1 

07 

f 11 

45* ) sf 11 

08* 1 cf 11 

OA* 1 af 11 

OC* 1 

Fll 


1 

08 

f 12 

46*1 sf 12 

09* ! cf 12 

OB* |af 12 

OD* 1 

F12 


1 

09 

1 

31 1 ! 

21 1 --- 

— 1 altl 

78* f 



1 

10 

2 

32 1 e 

40 1 Fnul 

03*1 alt2 

79* J 



1 

11 

3 

33 1 U 

23 1 --- 

-- 1 alt3 

7A* 1 



1 

12 

4 

34 I $ 

24 1 --- 

— 1 alt4 

7B* j 



1 

13 

5 

35 1 % 

25 1 --- 

-- 1 alts 

7C* 1 



1 

14 

6 

36 1 

5E 1 RS 

IE 1 alt6 

7D* 1 



1 

15 

7 

37 1 & 

26 1 --- 

— I alt7 

7E* 1 



1 

16 

8 

38 1 * 

2A 1 --- 

-- 1 alts 

7F* 1 



1 

17 

9 

39 1 ( 

28 1 --- 

-- 1 alt9 

80* 1 



1 

18 ! 

0 

30 1 ) 

29 1 --- 

-- 1 alto 

81*1 



1 

19 ! 

- 

2D ) _ 

5F 1 US 

IF 1 alt- 

82* 1 



1 

20 j 

= 

3D j * 

2B 1 --- 

-- 1 alt= 

83*1 



1 

21 1 

BS 

08 1 BS 

08 1 DEL 

7F 1 --- 

-- 1 

Back space 

1 

22 ] 

% 

60 I 

7E 1 

__ 1 ___ 

j 



1 

23 1 

- 

3D j 

3D 1 = 

3D I pfl 

8C* 1 

Numer i c 

= 

1 

24 1 


2B 1 + 

2B I 

2B 1 pf2 

8D* } 

Numer i c 

4* 

1 

25 1 

SP 

20 1 SP 

20 1 SP 

20 1 pf3 

8E* 1 

Numer i c 

SPACE 

1 

26 1 

HT 

09 jBktab 

0F*| HT 

09 I pf4 

8F* 1 

Numer i c 

TAB 

1 

27 

1 

31 1 1 

31 j 1 

31 1 --- 

«« j 

Numer i c 

1 

1 

-^ 2 8 1 

— 

— j 

-- 1 --- 

__ j 

-- I 

( unused 

) 

1 

29 1 

0 

30 1 0 

30 1 0 

30 1 


Numer i c 

0 

! 

30 1 

CR 

OD 1 CR 

OD 1 CR 

OD 1 

-- 1 

Numer i c 

ENTER 

1 

31 1 

4 

34 1 4 

34 1 4 

34 1 

j 

Numer i c 

4 

1 

32 1 

5 

35 1 5 

35 1 5 

35 1 

-- j 

Numer i c 

5 

1 

33 1 

9 

39 1 9 

39 1 9 

39 1 

-- 1 

Numer i c 

9 

1 

34 1 


2D 1 

2D 1 

2D I 

-- 1 

Numer i c 

- 

1 

35 ! 

2 

32 I 2 

32 1 2 

32 1 --- 

— 1 

Numer i c 

2 
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Table 4-10. Standard Keyboard Character Codes (Continued) 


I 

Key it 

Normal ] 

SHIFT 

CTRL 


ALT 1 

Commen t s 

1 

1 

36 

— 


- - - 


— — — 


- - - 

j 

( Unused ) 

1 

1 

37 



--- 

-- 



--- 

-- 1 

( Unused ) 

1 

1 

38 

--- 

-- 


““ 




“■> 1 

(Unused) 

1 

1 

39 

7 

37 

7 

37 

7 

37 

— 


Numeric 7 

1 

1 

40 

8 

38 

8 

38 

8 

38 


«« j 

Numeric 8 

1 

1 

41 

6 

36 

6 

36 

6 

36 

--- 

1 

Numeric 6 

1 

1 

42 

t 

2C 

t 

2C 

$ 

2C 

— 

1 

Numeric , 

1 

i 

43 

3 

33 

3 

33 

3 

33 

— 

-- 1 

Numeric 3 

1 

1 

44 

. 

2£ 


2E 

• 

2E 


I 

Numeric . 

1 

1 

45 

— 

-- 

— 

-- 

— 

-- 


«« j 

( Unused ) 

I 

1 

46 

C--r t 

4D* 

sC-r t 

8A* 

cC-r t 

74* 

aC-r t 

4E* 1 

Right Arrow 

1 

1 

47 

Ins 

52* 

sins 

28* 

c I ns 

29* 

alns 

2A* 1 

INS 

1 

1 

48 

Del 

53* 

sOel 

38* 

cDel 

39* 

aDel 

3A* 1 

DEL 

! 

1 

49 

HT 

09 

Bk tab 

OF* 

HT 

09 


1 

TAB 

1 

! 

50 

q 

71 

Q 

51 

DCl 

11 

altQ 

10* 1 


1 

1 

51 

W 

77 

H 

57 

ET6 

17 

al tH 

11* 1 


1 

1 

52 

e 

65 

E 

45 

ENQ 

05 

altE 

12* 1 


1 

) 

53 

r 

72 

R 

52 

DC2 

12 

al tR 

13* 1 


1 

1 

54 

t 

74 

T 

54 

DC4 

14 

al tT 

14* 1 


1 

1 

55 

y 

79 

Y 

59 

EM 

19 

al tY 

15* 1 


1 

1 

56 

u 

75 

U 

55 

NAK 

IS 

al tU 

16* ! 


! 

1 

57 

i 

69 

I 

49 

HT 

09 

alt I 

17* 1 


1 

1 

58 

o 

6F 

O 

4F 

SI 

OF 

alto 

18* 1 


1 

1 

59 

P 

70 

P 

50 

DLE 

10 

i al tP 

19* 1 


1 

I 

60 

[ 

5B 

{ 

76 

ESC 

16 


-- ) 


i 

! 

61 

] 

5D 

> 

7D 

GS 

ID 


1 


1 

i 

62 

LF 

OA 

LF 

OA 

cLF 

75* 

aLF 

4F* 1 

Line Feed 

1 

1 

63 


-- 

br 


--- 

-- 


j 

( Unu sed ) 

1 

1 

64 

C”up 

48* 

sC~up 

88* 

cC-up 

84* 

aC-up 

49* 1 

Up Arrow 

1 

1 

65 

ESC 

16 

ESC 

16 

ESC 

16 


-- j 

ESC 

1 

1 

66 

a 

61 

A 

41 

SOH 

01 

al tA 

IE* 1 


1 

1 

67 

s 

73 

S 

53 

DC3 

13 

alts 

IF* 1 


1 

1 

68 

d 

64 

D 

44 

EOT 

04 

altD^ 

20* 1 


1 

1 

69 

f 

66 

F 

46 

ACK 

06 

al tF 

21* 1 


j‘ 

1 

70 

g 

67 

G 

47 

6EL 

07 

al tG 

22* i 


1 





. -0 - 



. _ ^ . 




— 
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Table 4-10. Standard Keyboard Character Codes (Concluded) 


1 

Key tt 

1 Normal ] SHIFT | CTRL 

1 

ALT 1 

Commen t s 

1 

1 

71 

1 h 

68 1 H 

48 1 BS 

08 i 

altH 

23* t 


1 

1 

72 

1 j 

6A 1 J 

4A 1 LF 

OA 1 

alt J 

24* 1 


! 

1 

73 

I ^ 

6B 1 K 

4B I VT 

OB j 

al tK 

25*1 


1 

1 

74 

1 1 

6C 1 L 

4C 1 FF 

OC 1 

al tL 

26* 1 


1 

1 

75 

I 

3B i : 

3A I --- 

j 

— 

-- 1 


1 

i 

76 

1 t 

27 1 

22 ) --- 

1 


1 


I 

1 

77 

1 CR 

OD 1 CR 

OD j CR 

OD 1 


1 

Return 

1 

1 

78 

1 \ 

sc 1 1 

7C 1 FS 

1C 1 

--- 

j 


i 

1 

79 

1 C-lf 

4B* I sC-if 

8B* 1 cC-lf 

73* 1 

aC-lf 

4C* 1 

Left Arrow 

1 

! 

80 

1 Home 

47*1 sHome 

86*1 cHome 

77* 1 

aHome 

85* 1 

HOME 

1 

I 

81 

I SF 

20 j SP 

20 1 SP 

20 1 

SP 

20 1 

Space bar 

1 

1 

82 

I z 

7A 1 Z 

SA i SUB 

lA j 

altZ 

2C* ! 


! 

1 

83 

1 X 

78 i X 

58 1 CAN 

18 1 

altX 

2D* 1 


1 

I 

84 

1 c 

63 1 C 

43 1 ETX 

03 1 

al tC 

2E* 1 


1 

1 

85 

1 V 

76 1 V 

56 1 SYN 

16 { 

al tv 

2F* 1 


1 

1 

86 

1 b 

62 j B 

42 1 STX 

02 1 

altB 

30* 1 


1 

1 

87 

1 n 

6E 1 N 

4E ) SO 

0£ i 

al tN 

31* 1 


1 

1 

88 

1 m 

6D 1 M 

4D j CR 

OD 1 

al tM 

32* ! 


1 

1 

89 

I t 

2C I < 

3C I --- 

1 

--- 

1 


1 

1 

90 

1 P t ogl 

72*1 *** 

ic-k 1 

I 

— 

1 

PRINT 

! 

1 

91 


2E 1 > 

3E j --- 

-- 1 


I 


1 

1 

92 

1 / 

2F 1 ? 

3F 1 --- 

1 

--- 

} 


1 

1 

93 

1 

j --- 

-- 1 --- 

«« 1 

--- 

-- 1 

( Unused ) 


1 

94 

1 

-- 1 --- 

-- 1 --- 

-- 1 

--- 

-- 1 

( Unused ) 

1 

1 

95 

1 ___ 

-- I --- 

-- 1 --- 

I 

— 

«« 1 

( Unused ) 

1 

1 

96 

1 C-dn 

50* 1 sC-dn 

89* 1 cC-dn 

76* 1 

aC-dn 

51*1 

Down Arrow 

1 

1 

97 

I ____ 

-- ) --- 


1 

--- 

-- I 

(Unused) 

1 

1 

98 

1 ___ 

-- 1 --- 

-- 1 --- 

-- ) 

--- 

-- j 

( Unu s ed ) 

i 

1 

99 

j ___ 

-- 1 --- 

-- j --- 

1 

--- 

-- 1 

(Unused) 

1 

1 

100 

1 Ppau 

** 1 Pbrk 

** j -- - 

-- 1 

— 

-- ) 

BRK/PAUS 

1 

1 

101 

1 fi 

3B* 1 sf 1 

54* f cf 1 

5E* I 

afl 

68* 1 

FI 

i 

1 

102 

1 f2 

3C* I sf 2 

55* 1 cf 2 

SF* 1 

af 2 

69* ) 

F2 

! 

1 

103 

1 f 3 

3D* 1 sf 3 

56* 1 cf 3 

60* 1 

af 3 

6A* 1 

F3 

1 

1 

104 

1 f 4 

3E* 1 sf 4 

57* 1 cf 4 

61* 1 

af 4 

6B* 1 

F4 

1" 


Notes to Table 4-10: 


1. Key is shown in Figure 4-6. 

2. In the ‘"Normal **, **SHIFT’\ 

“graphic"" and the hexadecimal val 
the form: GGG HH . Mnemonics are 

of the function keys. These 
leading a, s, or c indicates ALT, 
example, fi is the FI function 


""CTRL"", and ""ALT"" columns, both the 
ues of the character are given in 
used for the ""graphic"" descriptions 
are generally self -explana t ory : a 

SHIFT, or CTRL, r espec t i vely . For 
key; afl is the FI key pressed while 
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holding down the ALT key. C-rt means cursor right (right arrow), and 
cLF = CTRL linefeed. 

3. Entries consisting of ” indicate that the combination is 

suppressed within the keyboard DSR. 

4. Entries consisting of ’•xxx ★*** indicate special handling in the 
form of direct action by the keyboard DSR. (For details, see 
paragraph 4.12.14. ) 

5. Normal (ASCII) characters are returned in register AL with the 
scan code key number in AH. 

6. Entries consisting of **xxx yy’’ are returned with AL~0 and the 
indicated value (yy) in AH. 

7. An asterisk after a number means extended codes, listed in Table 
4“'ll . 


4.12.10 Extended Codes 

The ’’extended*' codes are non-ASCII codes. They represent special 
function keys on the keyboard. To distinguish these codes, register 
AL contains 00 upon returning from a Read Keyboard (AH=1 or AH^2) 
function call, and the extended code is in register AH. The code 
range (OOH through FFH) includes normal ASCII codes. The extended 
codes are given in Table 4“ll. Use the mnemonics to cros s -r ef er ence 
with Table 4-10. 


Table 4-11 Extended Function Codes 


— 



- — — — — - 

' — — — — — — 

— — — — — — 

——————— 


” — — — — — 

— — — — — — 

— — 

i 

MSD*| 0 

I 1 

1 2 

I 3 

1 * 1 

s 

6 

1 7 

1 8 1 

1 

LSD 

1 











1 

0 

iPbrk 

laltQ 

laltD 

laltB 

1 1 

C-dn 

cf 3 

1 af9 

|alt9 1 

1 

1 

) Ppau 

ialtH 

laltF 

IaltH 

1 f 7 1 

aC-dn |~ cf 4 

jaflO 

laltO 1 

1 

2 

1 

jaltE 

1 al tG 

laltM 

I fS 1 

Ins 

Cf S 

1 P t ogl 

|alt- 1 

i 

3 

1 Fnul 

1 al tR 

IaltH 

1 

1 f 9 1 

Del 

cf 6 

1 cC-lf 

|alt= 1 

1 

4 

I 

jaltX 

|alt J 

1 

1 f 10 I 

sf 1 

Cf 7 

1 cC-r t 

1 cC-up 1 

1 

5 

1 

1 al tY 

jaltK 

1 

1 f 11 1 

sf 2 

cf 8 

I CLF 

1 aHome | 

1 

6 

I 

1 al to 

laltL 

1 

I f 12 1 

Sf 3 

cf 9 

1 cC-dn 

1 sHome 1 

1 

7 

1 

jaltl 

1 

1 

1 Home 1 

sf 4 

cf 10 

1 cHome 

1 i 

1 

8 

1 sf 11 

laltO 

1 s Ins 

1 sDel 

! C-upi 

sf S 

af 1 

1 al 1 1 

1 sC-up| 

1 

9 

1 sf 12 

1 al tP 

1 c Ins 

1 cDel 

j aC-up 1 

sf 6 

af2 

|alt2 

1 sC-dn 1 

1 

A 

1 cf 11 

) 

1 alns 

jaDel 

1 1 

sf 7 

af 3 

jalt3 

1 sC-r t 1 

1 

B 

1 cf 12 

1 

1 

1 f 1 

1 c-lf| 

sfB 

af 4 

|alt4 

1 sC-lf 1 

1 

C 

|af 11 

1 

laltZ 

1 f 2 

1 aC-lf 1 

sf 9 

af 5 

laltS 

1 Pfl 1 

1 

D 

1 af 12 

! 

1 al t X 

1 f 3 

1 C-rt| 

sf 10 

af 6 

|alt6 

1 Pf2 1 

1 

E 

i 

1 al t A 

1 al tC 

1 f 4. 

1 aC-r t 1 

cf 1 

i af 7 

|alt7 

1 Pf3 1 

1 

F 

1 Bktab 

1 al tS 

1 al t V 

1 f s 

1 aLF 1 

Cf2 

i af 8 

1 al 1 8 

1 Pf4 1 


★ MSD = most significant digit; LSD = least significant digit 
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4.12.11 Keyboard Modes 

In the standard keyboard, the mode keys have the effect shown in 
Table 4-11. The latching (push-push) CAPS LOCK key affects the 
alphabetic keys (SO-59, 66-74, and 82-88 on the standard keyboard) by 

forcing the SHIFT mode. Normally the alphabetic keys produce 
lowercase characters, and the SHIFT key temporarily causes them to be 
uppercase. When the CAPS LOCK mode is invoked (the CAPS LOCK key is 
latched down and the LED in the CAPS LOCK key lights), the alphabetic 
keys produce uppercase and the SHI FT key has no further effect (on 
the alphabetic keys). 

In the standard encoding, the only valid combination of mode keys is 
CTRL/ALT/DEL . which is used for system reset. Simultaneously 

pressing the CTRL . ALT . and DEL keys results in the keyboard DSR 
initiating the equivalent of a system power-up reboot. The action is 
handled internally by the DSR and does not return a code. This 
function is "hardwired” and cannot be disabled. In any other case, 
when two or more mode keys are pressed simultaneously, only one is 
recognized. The order of precedence, beginning with the highest, is 
as follows : 

ALT . CTRL . SHIFT , and CAPS LOCK 

The ALT key has a special use, letting the user enter any character 
code (OOH-OFFH) from the keyboard. When the ALT key is held down and 
the decimal value of the desired character is typed on the numeric 
keypad with three keystrokes, the value is returned to the 
application as a normal character directly through the Read Keyboard 
Input (AH=0) function. If fewer than three digits are typed, the 
next non-ALT key struck sends the currently accumulated ALT/NUM value 
(from the first one or two keystrokes). If the first one or two 
keystrokes were the zero key, the next key pressed sends its normal 
character, because the zero is simply a "place keeper" and adds 
nothing to the ALT/NUM value. Pressing more than three keys sends 
the accumulated value and starts a new thr ee-keys t r oke sequence. 

Example : 

ALT 003 places the value for an ETX in the keyboard buffer. 

ALT 3, followed by any non-ALT key performs the same function. 


4.12.12 Type-Ahead Buffer 

The DSR implements a circular type-ahead queue, 
to 15 keystrokes. (Each keystroke is 2 bytes.) 
filled, entering further characters from the 


4-53 


which can buffer up 
If the queue is 
keyboard sounds the 



TECHNICAL REFERENCE 


DEVICE SERVICE ROUTINES 


system beeper. The Flush Keyboard Buffer (AH=3) function resets the 
queue pointers, effectively emptying the buffer. 


4.12.13 Repea t -Ac t i on Feature 

If the r epea t -ac t i on feature (the default) is enabled, there is a 
half-second delay and all keys become r epea t -ac t i on at a 15-cps rate. 
Repea t -ac t i on characters are ignored when the queue currently 
contains more than one pending character. This means that the 
application does not have to worry about the r epea t -ac t i on ’’coasting” 
problem. That is, if the application does not or cannot read the 
keyboard input faster than the r epea t -ac t i on rate, the undesired 
r epea t -ac t i on characters are not queued and the keyboard does not get 
ahead of the application. 


4.12.14 Special Handling 

These paragraphs describe functions handled by the keyboard DSR . 
Several of these require immediate reaction (for example, pausing the 
output routine so a f as t - scroll i ng screen can be read). Most of the 
keyboard DSR functions are implemented with the software interrupt 
facility of the 8088 m i cr opr oce s s or . 

Each of the defined interrupt vectors points to some default piece of 
code that either does nothing (for example, a single IRET 
instruction) or performs some system function. An application 
program can change these interrupt vectors in order to gain direct 
access to a function. However, the application must preserve the 
original contents of the vector and restore it before terminating and 
returning to the system. If the application routine is used, it must 
end with an IRET or the equivalent (FAR) RET 2, which allows flags to 
be passed. 

The stack used is the internal stack of the keyboard interrupt 
service routine and only 10 levels (20 bytes) of stack are available 
to the user’s routine. Interrupts are disabl_«<^ when the user routine 
is entered (by the INT instruction). Interrupts should be re-enabled 
immediately unless it is necessary for them to remain disabled. 
Registers AX, BX , CX , DI , and £S can be used (information is passed 
in AX); any others must be preserved. When the available stack is 
too small, the routine must switch to an internal stack of sufficient 
size (including 8 bytes for possible interrupts). Also, the routine 
is executed as a part of the keyboard interrupt service routine, 
which means that no other keystrokes are accepted until the user 
routine finishes and returns. The normal way to communicate with the 
outside world (outside the service routine) is to set a flag and 
watch for it in the application. This, for example, is how the BREAK 
function is implemented in MS-DOS. Control should not be retained by 
the user’s routine unless a complete system i n i t i al i za t i on is to be 
per f ormed . 
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4.12.15 User-Available Interrupts 

The following is a summary of the software interrupts (performed by 
the keyboard DSR) that can be used by application programs. The 
interrupts are presented in their order of execution. The number in 
parentheses, the ’^interrupt type,'* is used in an interrupt 
instruction. The absolute address of the corresponding vector. is the 
interrupt type times 4. As an example, the address of the keyboard 
mapping vector is 5BH x 4 = 16CH. Any of the special key interrupt 
functions can be bypassed by re-encoding the key code. For more 
information on the key code, refer to paragraph 4.10.19. 

The keyboard DSR interrupts and their mapping vectors are: 


* Keyboard mapping (SBH) 

* Program pause (SCH) * 

* Program break (SDH) * 

^ Print screen (5EH) ★ 

* Keyboard queueing (5FH) 

-k These interrupts occur after internal encoding. 

4.12.15.1 Keyboard Mapping. This interrupt is performed each time a 
key is pressed but before it is encoded, allowing the user to encode 
the key. When the user encodes the key, the DSR places the key code 
in the queue and performs the keyboard queuing (5FH) interrupt. 
Otherwise, the DSR encodes the key, checks for the special keys, and 
then queues the key code, causing the keyboard queuing interrupt. 
For more information on using this interrupt to remap the keyboard, 
refer to paragraph 4.10.19. 

4.12.15.2 Program Pause. Pressing the (unshifted) BRK/PAUS key 
causes a software interrupt and allows the user to perform an action 
or return a key code. It returns an extended code (refer to Table 
4-11) to the caller if desired. At system power-up, the vector is 
set so that the P AUS key sequence causes a screen hold, which stops a 
f as t -scroll i ng screen. An application program can change the 
interrupt vector in order to support a pause function of its own, but 
the program is responsible for remembering the original vector and 
restoring it before terminating. 

The carry flag determines the action of the keyboard DSR on return 
from the software interrupt. If the carry flag is set, the DSR does 
nothing else and simply exits. If the carry flag is reset, then the 
character value in AX is placed into the queue. Before the software 
interrupt is executed, the carry flag is reset and the extended code 
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for the program pause function is placed in AX. Therefore, if an 
IRET instruction is used to return instead of the default ROM pause 
routine, the DSR returns the program pause function code to the 
application. Because the carry flag is used to pass information, the 
IRET instruction must be simulated with a (FAR) RET 2 if the user 
needs to return with the carry flag set. (The IRET instruction 
restores flags to their pr e- i n t er rupt state.) 

4.12.15.3 Program Break. Pressing the (shifted) BRK/PAUS key causes 
a software interrupt and allows the user to perform an action or 
return a key code. It can be set to return an extended code (see 
Table 4-11) to the caller, if desired. During power-up 
initialization, this interrupt vector is set to point to an IRET 
instruction so that the BRK key sequence is ignored other than 
returning the break code. An application program can change the 
interrupt vector in order, to support a break function of its own. 
However, the program is responsible for preserving the original 
contents of the vector and restoring it before terminating. For more 
informat i on on the encoding/sof tware-interrupt technique , see 
paragraph 4.12.15. 

4.12.15.4 Print Screen. Pressing the SHIFT and PRNT keys causes 
another software interrupt. The user can perform an action or return 
a key code. This interrupt normally vectors to an IRET instruction 
within the ROM . The DSR checks the carry flag upon return, as 
described in paragraph 4.12.15. 

The carry flag is set before the interrupt is executed, so that when 
the routine consists only of an IRET, the key is effectively ignored. 
This can be (and is, by the MS-DOS BIOS) patched so that it vectors 
to an actual print screen routine. This routine executes as a part 
of the keyboard interrupt service routine and, therefore, cannot be 
i n t errupt ed by another keystroke. The preferred way to handle the 
Print Screen f unc t ion is to use this interrupt to start the Print 
Routine (in the background) then return immediately, thereby 
reenabling the keyboard. 

4.12.15.5 Keyboard Queueing. This softwa^re interrupt, occurs every 
time a character, whether encoded by the DSR or by the user, is 
placed in the type-ahead buffer. This interrupt lets the real-time 
OS know when there is a character to read. The user can choose to 
ignore the key (not queueing the keycode). Refer to paragraph 
4.12.15 for keyboard queuing interrupt conditions. 


4.12.16 Custom Encoding 

An application program can encode the keyboard using this f unc t i on . 
Each time a key is pressed on the keyboard, the keyboard sends one or 
two key codes to the DSR. The mode keys are handled internally. 
(For more information, refer to paragraph 4.12.17.) The DSR performs 
a software interrupt each time it receives a key code (not including 
the mode keys). Normally the interrupt vector points to an IRET 
instruction. An application program can reprogram the vector to 
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intercept these key codes. Because everything comes through this 
vector, the application can take control of everything but the system 
reset combination f CTRL/ALT/DEL ) . The routine that intercepts the 
key codes typically scans through some tables to encode its special 
keys, then executes a (FAR) RET 2 instruction. 


NOTE 

It is essential that the application restore the 
vector to its original value after completion. 
Otherwise, the system will crash when the special 
encoding routine is later written over. 


When the software interrupt is performed (from the keyboard ISR) the 
keyboard scan code (including the r epea t ~ac t i on bit, if set) is in 
AL , the mode byte is in AH (the mode byte is shown in figure ) and 
the carry flag is set (CF=1). If the carry flag is reset (CF=0) when 
returned from the interrupt, then the standard encoding is bypassed. 
Instead, the values in AL and AH are placed directly into the type- 
ahead buffer. This is one way to change the standard encoding of the 
keyboard . 

If the carry flag is set, and the value of AL is returned as OFFH, 
the keystroke is ignored entirely, and nothing is placed in the 
buffer. This can be used when the special handling routine performs 
some function directly and does not need to send a character. The 
r epea t -ac t i on bit is included in the scan code as the high bit of AL 
and in the mode byte as bi t 3 of AH. The user can choose which of 
the two is more accessible to his particular routine. 

If the scan code is used in a table look-up or a direct comparison, 
the user must strip off the (possible) r epea t -ac t i on bit (the 
instruction is AND AL , 7FH). Because this is a software interrupt, 
the IRET instruction must be simulated with a (FAR) RET 2 in order to 
pass flags back. 


4.12.17 Keyboard Interface Protocol 

Pressing a key on the keyboard sends a byte representing the key 
position to the keyboard DSR. If the state of the mode keys (SHIFT. 
ALT, CAPS LOCK, and CTRL) has changed since the last keystroke, the 
key-position byte is preceded by a byte showing the current status of 
the mode keys. The mode byte is never sent alone. It will always be 
followed by the key-position byte. 

The mode byte is never sent during a r epea t -ac t i on t ransmi s s i on , 
because it is sent only if the mode has changed since the last 
transmission. The mode cannot change during the r epea t -ac t i on 
f unc t i on . 
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The second byte (key position) contains a r epea t -ac t i on key bit (bit 
7). This bit is set to 1 during a r epea t -ac t i on key transmission, 
and reset to 0 during a non-r epea t -ac t i on t ran smi s s i on . If the key 
is still pressed after a half-second delay, the code is sent again, 
this time with bit 7 set to 1. The keyboard remapping routine uses 
this bit to suppress the r epea t -ac t i on key function when necessary. 

All commun i ca t i on with the keyboard is: 


* Asynchronous 

* Serial 

* 8 data bit 

* 1 stop bit 

^ Even par i ty . 

The keyboard transmits its data at 2440 bps and receives its commands 
at 30S bps . 

Both bytes have similar formats, as shown in Figure 4-7. However, 
bits 3 through 6 of the mode key status byte are all set to 1. 
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The keyboard understands several commands, as explained in the 
Keyboard Output (AH=4) function, and the keyboard generally 
acknowledges each command. 

The codes sent by the keyboard (refer to Tables 4^10 and 4«11) range 
from scan code 01 through scan code 104 (OlH through 68H) . The spare 
scan codes (from 69H through 6FH) will possibly be assigned in the 
future. If so, the size of the standard encoding tables will also be 
increased. Codes 70H through 73H are status codes returned by the 
keyboard in response to commands. Codes 74H through 77H are unused 
but reserved, and codes 78H through 7FH are for encoding the mode key 
status byte. For more specific information, refer to the paragraph 
entitled ’’Receiving and responding to commands from the system unit” 
in Section 2. 


4.13 PARALLEL PRINTER PORT DSR 

The following paragraphs describe the functions that the parallel 
printer port DSR provides to the system or application programs that 
use it. 

The printer DSR provides routines to implement a Centronics- 
compatible parallel port interface. The user is able to output 
characters, get printer status, and initialize the printer. 

The printer DSR functions, located in the system ROM, are accessed 
through the software interrupt mechanism of the 8088 mi cr opr oce s sor . 
To choose a function, place the opcode in register AH, place zeros in 
register DL , and execute an INT 4BH i ns t r uc t i oti . (For an explanation 
of register DL , see paragraph 4.13.4.) All registers are preserved 
except AH, which always returns with the printer status. (See 
paragraph 4.13.3.) 

The functions available are: 

Output Character to Printer (AH=0, DL=0) 

Initialize Printer (AH=1, DL=0) 

Return Printer Status (AH=2, DL=0) 


4.13.1 Output Character to Printer - AH = 0 , DL = 0 

This function sends the character in AL to the printer port. The 
BUSY signal from the printer is checked before sending the character. 
If the printer is still busy after appr ox ima t ely 0.33 s, the DSR sets 
the time-out bit in the status byte (in AH) and returns. If the 
printer is not busy, the DSR returns with the time-out bit reset. 
Any unusual conditions on the status signals from the printer cause 
the printer to go BUSY. Time-out also occurs if the printer sets 
FAULT, PAPER OUT, or NOT SELECT. The printer can also set BUSY, 
causing a time-out. 
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It generally is not advisable to rely on the time-out of the printer 
output routine during regular use, especially if one is using the DSR 
from the printer task of a real-time OS. This time-out is a software 
loop and causes the application to "hang” during the time-out period. 
The preferred method has the application watching the BUSY signal 
through the printer status call so that the application can implement 
and control a time-out. 

The standard sequence used to print a character is: 


REPEAT 

Interrupt 4BH with AH = 2 and DL = 0 (see paragraph 4.13.3, 
"Return Printer Status." 

UNTIL 

STATUS = NOT BUSY 

END 

INTerrupt 4BH with AH = 0, DL = 0 and AL = <character> 

IF STATUS = (time-out) 

THEN 

<handle the error> (FAULT or PAPER OUT or (NOT SELECTED)) 

END 


Note : 

Refer to Figure 4-8 for byte definition of the 
Return Printer Status function. 


4.13.2 Initialize Printer - AH = 1 , DL = 0 

This function activates the INIT signal on the interface causing the 
printer to perform the equivalent of a power-up reset. The specific 
action taken is printer-dependent (refer to the appropriate printer 
manual). The system software activates this signal only once, at 
actual system power-up (not on system reset CTRL/ALT/DEL V . 


4.13.3 Return Printer Status - AH = 2, DL = 0 

This function reads the printer status port and returns the 
information in register AH. This is the same information as that 
returned after the Output Character to Printer (AH=0, DL=0) function, 
and the Initialize Printer (AH=1, DL=0) function. 

The bits of AH are encoded as shown in Figure 4-8. 
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Time Out (on busy) 
(not used) 

Busy 

Paper Out 
Selected (online) 
Fault 

222 ^ 16-29 

Figure Byte Definition •“ Return Printer Status 


4,13.4 Use Under an Operating System 

When the software interrupt technique interfaces with ROM routines, a 
DSR can be enhanced or replaced by patching its interface interrupt 
vector. Under MS-^DOS, for example, the serial printer support 
emulates the parallel printer functions of the ROM. 

The printer interface is implemented by patching a small routine in 
f ron t of the printer int errupt vector . Thi s routine looks a t 
register DL to determine the desired printer. If DL=0, a jump to the 
ROM routine is made, and the user is unaware of the patch. If DL=1, 
AH is decoded to perform the appropriate function on the serial 
printer. If DL = FFH, then the desired function is performed on the 
default (currently configured) printer. 

Because the serial support emulates the ^status returned by the 
parallel routines of the ROM, the user knows of the operation' only 
because he set register DL . Some operating systems do not require 
that register DL be set. In the case of MS-DOS, however, the DSR is 
extended in a manner that requires the setting of DL . Refer to the 
documentation appropriate for the operating system in use. 



4--62 




TECHNICAL REFERENCE 


DEVICE SERVICE ROUTINES 


4.14 WINCHESTER ROM 

The Winchester ROM, on the Winchester controller board, interfaces 
with the system ROM software, specifically the system disk DSR. The 
Winchester ROM is addressed by the system processor. Its address, as 
determined by the hardware, is 0F8000H. The convention locates the 
ROM at the address (as seen by the software) of 0F400:4000H. 

In addition to the disk DSR software, the Winchester ROM contains the 
software necessary to drive the Winchester controller, to boot up the 
system from the Winchester disk, to format the disk, and to run 
diagnostics (both power-up and advanced) on the controller and disk. 

After i n i t i al i za t i on , all regular operations of the Winchester ROM 
(read, write, verify, and so on) are done through the disk DSR. (See 
subsection 4.11.) 


4.14.1 Limitations 

The DSR and other utilities provided by the system ROM limit the 
types of Winchester drives that can be used by the system. The 
limits are as follows: 

* X X y cylinders per drive where 1 < X < 256 and 1 < Y < 15 

* 16 surfaces per drive 

* 17 sectors per track 

* 512 bytes per sector 

* 255 error retries 

* 11-bit error-burst length 

Most of the routines within the ROM are driven by data structures 
that describe the type of drive. The system is powered up assuming 
the following drive parameters: 

153 cylinders 
4 surfaces 

125 first track of reduced write current 
64 first track of write pr ecompen sa t i on 
1 error retry 
11-bit error-burst length 
3-ms step option 

If the default parameters are not correct for the type of drive in 
use, an Initialize Winchester Disk System option call must be made to 
install the correct parameters. The system can boot the first sector 
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with the default parameters. 


4.14.2 System Interface 

The Winchester controller board ROM is initialized to the system whan 
it is called by the system ROM following the power-up self-test. The 
system ROM tests the Winchester disk controller ROM to make certain 
the controller is functioning properly before calling it. To allow 
the system ROM to test and call it, the Winchester disk controller 
ROM contains a header defining the ROM size, the entry point of the 
ROM, a version number for the ROM, and an i den t i f i ca t i on message 
preceded by the message length. 

The entry point called by the system ROM is required to do any 
device- dependent i n i t i aJL i za t i on and, optionally, to boot the system 
from the device that the called ROM serves. For the Winchester disk, 
the operations are as follows: 

* Set the RAM area of the ROM in the system. Set the device- 
installed bit in the system conf i gura t i on word. This second 
step permits the system unit to ’*sense** that the controller 
is installed, and, under the diagnostics diskette Display 
System Conf i gura t i on test, to display all options installed 
in the system unit. 

* If the caller has passed the **do not boot flag*’ (OFFFFH in 
register DX), return control to the caller. Otherwise (with 
0 in register DX), the ini t ializat ion sequence continues. 

* If the user has pressed the ESC key, control returns to the 
system ROM and the system boots from the diskette. 

* Otherwise, display the Winchester disk controller ROM sign- 
on message and execute the controller’s power-up tests. 

* Test all ROMs that have a lower priority than the Winchester 
disk controller ROM and then call them. The ”do not boot” 
flag (DX = OFFFFH) must be set so that the ROM can do any 
required i n i t ial i za t i on of associated hardware. 

^ Read in the boot sector from the disk, check it for 
usability, and jump to the code in the boot sector. 

* If any errors occur in the above area, control is returned 
to the system ROM. 


4.14.3 System RAM Usage 

The Winchester disk ROM uses 30 bytes of RAM in the system RAM area. 
This RAM is allocated as a contiguous block of memory only after 
previously called ROMs have been allocated their RAM space. This RAM 
block is pointed to by a word in the system vector area. The data 
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structure of this vector area is given in Table 4.-12. 


Table 4-12 RAM Segment Pointers 


Address 

User 

Value 

Address 

0000 : 0180 
0000 : 0182 
0000 : 0184. 
0000 : 0186 
0000 : 0188 
0000 : 018A 

System ROM U63 
System ROM U63 
F400:0000 ROM 
F400:0000 ROM 
F400:2000 ROM 
F400:2000 ROM 

RAM segment address for ROM 
Length of RAM segment in bytes 
RAM segment address for ROM 
Length of RAM segment in bytes 
RAM segment address for ROM 
Length of RAM segment in bytes 

F400: AOOO 
F400 : 0000 
F400 : 2000 

0000 : 018C 
0000 : 018E 

Windisk ROM 
Hlndisk ROM 

RAM segment address for ROM 
Length of RAM segment in bytes 

F400 : 4000 
( 30H) 

0000 : 0184 
0000 : 0186 
0000 : 0184 
0000 : 0186 

F400.6000 ROM 
F400:6000 ROM 
Option ROM U62 
Option ROM U62 

RAM segment address for ROM 
Length of RAM segment in bytes 
RAM segment address for ROM 
Length of RAM segment in bytes 

F400 : 6000 
F400 : 8000 


All accesses to the Hinchester disk controller RAM area are through 
the segment pointer at 0000:018CH. Because the Hinchester disk 
controller ROM is located at segment 0F400H, the segment pointer 
location can also be reached from the code segment at address 
0F400:C18CH, 

The segment pointer allows the Hinchester disk controller RAM area to 
be located anywhere, but care must be taken if the area is moved 
after the system is initialized. If this is done, the Hinchester 
disk system must be reinitialized with the Hinchester disk option 
call ”0" (Initialize System) after the RAM area is moved and the 
vectors are set to the new values. To do this, pass the new segment 
address in OS and OOOCH as the pointer to the initialization data. 
(See paragraph 4.14.18.1.) 


4.14.4 Power-up Testing 

To determine that the Hinchester disk controller is working properly, 
it is tested by its own internal diagnostics and the RAM diagnostics. 
Failures are reported as system errors llxx, where xx indicates the 
error received. If an error occurs, control is returned to the 
system ROM. 
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4.14.5 Booting from the Winchester 

After the power-up testing of the controller completes, the 
Winchester goes through the boot sequence. Only drive 4 (E: for MS- 
DOS) can be booted. If drive 5 is connected to the controller, it 
can be used for data only. 

First, the boot procedure polls the drive for the ready condition. 
If the drive is not ready (as would be true after the power is turned 
on), the ROM routines wait appr ox ima t ely 30 seconds for the ready 
condition. If the user presses the ESC key at any time during this 
wait, control is returned to the system ROM, and the diskette drive 
conducts the i n i t ial i za t i on boot. 


4.14.6 Error Recovery 

The error recovery procedures depend on the error. For hardware 
controller errors (time-outs), the controller is reset, and no 
retries are attempted. A hardware error code is returned from the 
disk DSR. 

For disk drive errors (seek incomplete, write fault, and so on), no 
retries are reported, and the disk DSR returns the hardware error 
code. 

Read Data operations have two types of errors: correctable and 
uncor rec table . If the data is correctable, it is corrected, and no 
error is reported directly. A DSR Read Soft Retry Status reports 
this error. 

For uncor rec table errors, a ^’restore** is done before each retry. If 
the retry does not succeed, the data buffer is filled; with CCH when 
the data cannot be read at all, or with the uncorrected data if the 
data can be read but contains an ECC error. 


For other operation errors, a "^restore'* is placed before each retry. 
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4.14.7 Error Reporting 

The disk DSR is capable of reporting only a few errors. The power-up 
boot can report more but not all. Table 4-13 is a listing of errors 
reported by the disk controller and the codes reported by the DSR. 

Table 4-13 Winchester DSR Error Codes 


Reoorted Error Controller Error 


20H Hardware failure OlH 
20H Hardware failure 02H 
20H Hardware failure OSH 
20H Hardware failure 04H 
20H Hardware failure 06H 
lOH CRC error lOH 
lOH CRC error ilH 
02H Disk format error 12H 
04H Record not found 14H 
40H Seek error 15H 
OOH No error (on RETURN) 18H 
lOH CRC error (soft stat) 18H 
OlH Command error 19H 
02H Disk format error lAH 
OlH Command error ICH 
OlH Command errors IDH 
02H Disk format error lEH 
OlH Command error* IFH 
OlH Command error* 20H 
OlH Command error* 21H 
20H Hardware failure* 30H 
20H Hardware failure* 31H 
20H Hardware failure* 32H 


No index detected 
No seek complete 
Write f aul t 

DRIVE NOT READY during operation 

Track 00 not found 

ID field read error 

Uncorrec table data error 

Address mark not found 

Record not found 

Seek error 

Correctable data error 
Correctable data error 
Bad track flag detected 
Format error 

Illegal access to alternate track 
Illegal alternate track for format 
Expected alternate track, isn*t 
Alternate track = bad track 
Invalid command 
Illegal disk address 
RAM diagnostic failure 
Program memory checksum error 
ECC diagnostic failure 


* This error should never be encountered by the DSR. 
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The errors that can be reported during boot are the controller errorr 
given in Table 4-13 and Table 4-14. 

Table 4-14 Displayed Error Codes 


All errors have the following message displayed: 
SYSTEM ERROR - llxx ** 

Where xx = the extended error 


Extended Error 


Explana t i on 


33H 

40H 

41H 

42H 

43H 

44H 

45H 

46H 

47H 

48H 

49H 

4AH 

4BH 

4CH 

4DH 

4EH 

4FH 

51H 

52H 

S3H 

54H 

55H 

S6H 

57H 

58H 

59H 


error on REQUEST SENSE STATUS 


Status 
Time-ou t 
READ MODE 
COMMAND MODE 
STATUS MODE 
WRITE MODE 
Time-ou t 
COMMAND MODE 
STATUS MODE 
WRITE MODE 
READ MODE 

Time-ou t 
STATUS MODE 
WRITE MODE 
READ MODE 

COMMAND MODE 
Time-ou t 
Disk not ready 
CRC error 


while waiting for 
while waiting for 
whi le waiting for 
while waiting for 
while waiting for 
whi le waiting for 
while waiting for 
while waiting for 
while waiting for 
whi le waiting for 
wh i 1 e waiting for 
whi le wai ting for 
while waiting for 
whi le wai t ing for 
while waiting for 
while waiting for 


command 
WRITE DATA mode 
WRITE DATA mode 
WRITE DATA mode 
WRITE DATA mode 
READ DATA mode 
READ DATA mode 
READ DATA mode 
READ DATA mode 
COMMAND mode 
COMMAND mode 
COMMAND mode 
COMMAND mode 
STATUS mode 
STATUS mode 
STATUS mode 
STATUS mode 


Seek error 

Sector-not-found error 


Disk (unknown) error (controller failure) 

Not a Tl-system disk 
Disk format error 

Bad boot sector CRC or bad controller 
System ROM version doesn't support Winchester 
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4-14.8 Hardware Interface Routines 

This interface to the Winchester disk system implements additional 
functions in a s t rai gh t f orward way. The calls provide a method of 
interfacing with the hardware that is almost hardware- independen t . 

To use this interface, do a long call through the first doubleword in 
the RAM area of the Winchester disk controller ROM. Place the opcode 
for the operation in register AH. Other register usages are 
explained with each operation. 

For more information, refer to paragraph 4.4.4 and to the table in 
paragraph 4.5.2, 

The programming steps required to do the long call are given below. 

WINROM DD 00000000 ; LOCAL PLACE TO STORE VECTOR 

;TO ROM. 


; The next steps get the entry vector for the Winchester ROM 
; code from the ROM data area and put it into local storage 


PUSH ES 
XOR AX, AX 
MOV ES,AX 

MOV ES,ES:WORD PTR 18CH 
LES AX , EE~4-DW0RD PTRfSOOOO 
MOV WORD PTR WIMROM*^2,ES 
MOV WORD PTR WINROM, AX 
POP ES 


;SAVE ES 

;SET ES TO OOOOH 

;GET WINCH RAM SEGMENT INTO ES 
;GET VECTOR FOR WINCH ROM 
;SAVE IN OUR DATA AREA 

9 

; RESTORE ES 


The following steps access the Winchester ROM functions 
after the above initialization is completed 


MOV AH, OP CODE 
CALL WINROM 


;SET OPCODE INTO AH 
;GO DO THE OPERATION 


The following paragraphs explain the operations available from this 
entry point . 


4-69 



TECHNICAL REFERENCE 


DEVICE SERVICE ROUTINES 


4.14.8.1 Initialize Winchester Disk System. 
Opcode: AH = OOH 

Entry: DS:SI = POINTER TO DATA BLOCK 


Offset 

Value/Use 

OOH 

( Word ) 

Sector size in bytes 

02H 

(Byte) 

Track size in sectors 

03H 

(Byte) 

Number of surfaces 

04H 

(Byte) 

Number of cylinders on disk 

OSH 

(Byte) 

Number of error retries 

OSH 

( Word ) 

Reduced write current cylinder 

' 0 8H 

-(Word) 

Write precomp start cylinder 

OAH 

( Byte) 

Step option 

OBH 

(Byte) 

Error-burst corrected length 

Exi t : AL 

= Error 

code 


Used: AX, BX 


This operation tells the disk subsystem the type of Winchester drive 
being used. It sets the hardware and software data s tructures so 
that a user can simply call the DSR to use the drive. 


4.14.8.2 Check Winchester ROM Version. 


Opcode : 

AH s 

OlH 

Entry: 

None 


Exit: 

AX = 

BCD 

Used : 

AX 



ROM version number 


Example : If ROM is VI . 23 , then AX returns 0123H 


Thi 8 opera t i on re turns the Winchester ROM version number. This is 
often useful for software-compatibility checks. 
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4.. 14. 8, 3 Request Controller Error Sense. 


Opcode : 
Entry: 
Exi t : 


Used: 


AH = 02H 

DS:SI = Address of 6-byte data block 
AL = Error code 
Z = Set if no error 

Data block contains what controller returned. 
AX,CX,SI ,DI 


This operation gets error information from the controller and returns 
an error code. If the controller hardware is broken, appropriate 
error codes are returned. 

4.14.8.4 Send Winchester Controller Command. 


Opcode : 
En t ry : 

Exi t : 


Used : 


AH = 03H 

DS;SI = Address of 6-byte data block containing 
command and other data (see hardware spec) 

AL = Error code if Carry flag is set 
2 =Set, C = Reset if no error 
Z = Set, C a Set if time-out 

2 = Reset, C * Set if improper controller mode 
AX,CX,SI 


This operation sends a command to the controller. It does not wait 
for a r espon se . 

4.14.8.5 Get Data From the Winchester Controller. 


Opcode : 
En t ry : 

Exit; 


Used: 


AH = 04H 

ES:DI = Address of buffer to receive data 
CX = Number of bytes of data to get 
AL = Error code if Carry flag is set 
Z = Set, C = Reset if no error 
Z = Set, C = Set if time-out 

Z = Reset, C = Set if improper controller mode 
AX,CX,DI 


This operation waits for the controller to provide data and then puts 
it into the user’s buffer. The operation waits about 1 second before 
returning a time-out error. If the controller is in the command 
state or the status state, an appropriate error code is returned. 
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4.14.8.6 Write Data to the Winchester Controller. 


Opcode : 
En t ry : 

Exi t : 


Used : 


AH = OSH 

ES:DI = Address of data buffer to transmit 
CX = Number of bytes of data to put 
AL = Error code if Carry flag is set 
Z = Set, C = Reset if no error 
Z = Set, C = Set if time-out 

Z = Reset, C = Set if improper controller mode 
AX,CX,DI 


This operation waits for the controller to ask for data and then 
writes from the user's buffer to the controller. The operation waits 
about 1 aecond before returning a time-out error . If the controller 
is in the command state or the status state, an appropriate error 
code is returned. 

4.14.8.7 Get Status From Winchester Controller . 


Opcode : 

Entry: 

Exit: 


Used : 


AH = 06H 
Hone 

AL = Error code if Carry flag is set 
Z = Set, C = Reset if no error 

Z = Set, C * Set if time-out / 

Z = Reset, C » Set if controller mode is not statusV 

Z = Reset, C = Reset if status indicates controller 

has an error 
AX,CX 


This operat ion wai t s for the status re t urn from the con t roller . The 
operation waits about 1 second before returning a time-out error. If 
the controller is in the command state or the data-transf er state, an 
appropriate error code is returned. 
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4. 14. 8. 8 Set and Compare Data From the Winchester Controller. 
Opcode: AH = 07H 

Entry: ES:DI = Address of buffer to receive data 

CX = Number of bytes of data to get 
Exit: AL = Error code if C flag is set 

Z = Set, C = Reset if no error 
Z = Set, C = Set if time-out 

Z = Reset, C = Set if improper controller mode 
Z - Reset, C = Reset if data does not compare; 
if no compare, DI to the miscompared data 
Used: AX,CX,DI 


This operation waits for the controller to provide data and then 
compares it with the data in the user's buffer. If the data does not 
compare, the data pointer (OS:OI) is set to point at the data address 
that does not compare. After a wait of about 1 s, the controller 
returns a time-out error. If the controller is in the command state 
or the status state, an appropriate error code is returned. 

4.14.8.9 Enable Data and Status Interrupt From Controller. 

Opcode: AH = OSH 

Entry: None 

Exit: None 

Used: AX 


This operation enables the Winchester controller interrupts to the 
system bus. However, this operation does not enable the system 
interrupts from the interrupt controller or from the processor 
i n t errupt . 

4.14.8.10 Enable Status Interrupt From Controller. 

Opcode: AH » 09H 

Entry: None 

Exity: None 

Used: AX 


This operation enables the Winchester controller interrupts to the 
system bus. However, this operation does not enable the system 
interrupts from the interrupt controller or from the processor 
i n t err upt . 
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4.14.8.11 Disable Data and Status Interrupt From Controller. 


Opcode : 

AH = OAH 

Entry: 

None 

Exi ty : 

None 

Used : 

AX 


This operation 

disables the Winchester controller interrupts 

t o the 

system bus. However, this operation does not disable the 

sys tern 

interrupts from 
interrupt . 

the interrupt controller or from the pr 

oces sor 

4.14.8.12 Poll 

for Controller Request. 


Opcode : 

AH = OBH 


Entry: 

None 


Exi t : 

Z = Set if request is not active 
Z = Reset if request is active 


Used : 

AX 



This operation determines when the controller is ready for command, 
status, data in, or data out. 

4.14.8.13 Format a Track. 


Opcode : 
Entry: 


The 

Exit: 
Used : 


AH = OCH 

DL = Drive number (4,5) 

DH = Interleave factor 
CX = Logical track number to format 
drive parameters must have been set using operation 0 
AL = Error code, 0 if OK 

CX = Track number of error, if there is an error 
AX, BX,CX,DX,SI ,DI 


This operation 
parameters must 
cylinder number 
number yields 
typically 12 or 
sectors . The 
exten t i ons for s 
does a RESTORE 
format a disk. 


formats a track on the Winchester disk. The drive 
be set up by a call to operation 0. Multiplying the 
by the number of surfaces, then adding in the surface 
the logical track number. The interleave factor is 
13 for optimum use of the DSR in reading sequential 
error code returned is the controller error code with 
uch conditions as time-outs. This operation always 
operation before the track format, so it is slow to 
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4. Id. 8. Id Format an Alternate Track. 

Opcode: AH = ODH 

Entry: DL = Drive number (d,5) 

DH = Interleave factor 
CX = Logical track number to format 
BX = Logical track number of alternate 
The drive parameters must have been set using operation 0. 

Exit: AL = Error code, 0 if OK 

CX = Track number of error, if there is an error 

Used: AX, BX,CX,DX,SI ,DI 

Formatting routines use this operation to map a bad track to an 
alternate -track. The drive parameters must be set up by a call to 
operation 0. Multiplying the cylinder number by the number of 
surfaces, then adding the surface number yields the logical track 
number. The interleave factor is typically 12 or 13 for optimum use 
of the DSR in reading sequential sectors. The error code returned is 
the controller error code with extensions for such conditions as 
time-outs. 

4.14.8.15 Format a Track as Bad. 

Opcode: AH = OEH 

Entry: DL = Drive number (4,5) 

DH = Interleave factor 
CX = Logical track number to format 
The drive parameters must have been set using operation 0. 

Exit: AL = Error code, 0 if OK 

CX = Track number of error, if there is an error 

Used: AX,BX,CX,DX,SI ,DI 


This operation formats a defective track so that read operations do 
not miss the defect. The drive parameters must be set up by a call 
to operation 0. Multiplying the cylinder number by the number of 
surfaces, then adding the surface number yields the logical track 
number. The factor is typically 12 or 13 for optimum use of the DSR 
in reading sequential sectors. The error code returned is the 
controller error code with extentions for such conditions as time- 
outs. This operation always does a RESTORE operation before the 
t rack forma t . 
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4.14.8.16 Check the Track Format. 

Opcode: AH = OFH 

Entry: DL = Drive number (4,5) 

DH = Interleave factor 
CX = Logical t rack number to check 
The drive parameters must have been set using operation 0. 
Exit: AL = Error code, 0 if OK 

CX = Track number of error, if there is an error 
Used : AX , BX , CX , DX , S I , DI 


This operation checks a track for proper format. This routine does 
not report errors for tracks that have been formatted as bad tracks 

or alternate tracks unless the ID fields are incorrect. The drive 

parameters must be set up by a call to operation 0. Multiplying the 
cylinder number by the number of surfaces, then adding the surface 
number, yields the logical track number. The interleave factor is 
typically 12 or 13 for optimum use of the DSR in reading sequential 
sectors. The error code returned is the controller error code with 
extentions for such conditions as time-outs. 

4.14.8.17 Format a Winchester Drive. 

Opcode: AH = lOH 

Entry: DL = Drive number (4,5) 

DH = In ter leave factor 

CX = Logical track number to begin format 
The dr i ve parameters mu s t have been set using opera t i on 0 . 

Exit: AL = Error code, 0 i f OK 

CX = Track number of error , if there is an error 

Used : AX,BX,CX,DX,SI ,DI 


This operation formats a Winchester drive. The drive parameters must 
be set by a call to operation 0. Multiplying the cylinder number by 
the number of surf aces , then add i ng the jsurface number yields the 
logical track number. The interleave factor is typically 12 or 13 
for op t imum use of the DSR in reading sequential sectors. The error 
code returned is the con t roller error code with extent ions for such 
condi t ions as time-outs. I f an error occurs dur i ng the drive 
forma 1 1 i ng operation, register CX returns the track in error. If the 
formatting operation must be completed, increment the track number 
and call the routine again. This could be necessary, for instance, 
if a drive defect falls direct ly on an address mark or ID field. 


4-76 



TECHNICAL REFERENCE 


SYSTEM I/O MAP 


Appendix A 
SYSTEM I/O MAP 


Table A-1 System I/O Map 
Address Device Bit/Use 

Motherboard: ' ~ 

00000 U47 Latch 0 Speaker timer enable 

1 Timer 1 interrupt enable 

2 Timer 2 interrupt enable 

3 Single-density (FM) enable 

4 Track greater than 1/2 

(TG43) 

5 Diskette side one enable 

(FSID-) 

6 Diskette mode control (Ml) 

7 Diskette mode control (MO) 

00001 U48 Input buffer 0 Option jumper E1-E2 

1 Option jumper E3-E4 

2 Option jumper E5-E6 

3 Parity interrupt pending 

4 Printer port BUSY 

5 Printer port paper but 

6 Printer port printer 

selected 

7 Printer port NO fault 

00002 U49 Latch 0-7 Printer port data 

outputs 

00003 USO Latch 0 LED 1 OFF 

1 LED 2 OFF 

2 LED 3 OFF 

4 Parity interrupt enable 

5 Printer port not auto feed 

6 Printer port not strobe 

7 Printer port not 

ini tialized 
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Table A-1 System I/O Map (Continued) 

Address Device Bit/Use 

Mo the r board ( Con t i nued ) ; 

00004 U51 Latch 0 Diskette Drive SELECT 1 

1 Diskette Drive SELECT 2 

2 Diskette Drive SELECT 3 

3 Diskette Drive SELECT 4 

4 Diskette Drive MOTOR 1 

5 Diskette Drive MOTOR 2 

6 Diskette Drive MOTOR 3 

7 Diskette Drive MOTOR 4 


OOOOS-OOOOF Reserved 

00010 U44 8251 USART Data Register 

00011 U44 8251 USART Control Register 

00012-00013 Reserved 

00014 U45 8253 Timer Counter 0 

00015 U45 8253 Timer Counter 1 

00016 U45 8253 Timer Counter 2 

00017 U45 8253 Timer Control register 

00018 U46 8259A Interrupt 

controller 

00019 U46 8259A Interrupt 

controller 

00020 FDC Command register 

or RAM 

00021 FDC Track register 

00022 FDC Sec tor regi s ter 

or RAM reset 

00023 FDC Data register 

00024-0002F Re-served 

Winchester Controller Board: 

00030 Winchester I/O port 

I npu t : 

0-7 Don’t care. Data is 
held for each 
handshake cycle. 

Ou tpu t ; 

0-7 Don't care. Data is 
latched til 
updated . 
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Table A-1 System I/O Map (Continued) 


Addres s 
00031 


Devi ce Bi t /Use 

Winchester reset register 


Read : 

0 Data request 

1 Input/Output 

2 Command/Data 

3 Interrupt pending 

(Level 6) 

Write: 

0-7 Don * t care (Any 

write will do a RESET) 


Winchester Controller Board (Continued): 


00032 

00033 


Future Opt ions : 
00034-0003B 
0003C-0003F 
00040-000BF 


Hot used 
Interrupt Mask 

0 Status interrupt 

enabl e 

1 Data interrupt 

d 1 sable 


Reserved 

Local Area Met I/O 
Reserved 


A-3 



TECHNICAL REFERENCE 


SYSTEM I/O MAP 


Table A-1 System I/O Map (Continued) 
Address Device Bit/Use 


Clock and Analog Interface: 

OOOCO Clock /Analog 

I n t erf ace 

0 End of conversion 

(EOC)(Active HIGH) 

1 Notused(tied LOW) 

2 Lightpen interrupt latch ON 

3 Battery low 

4 Swi t ch 4 

5 Switch 3 

- ^ 6 Switch 2 

7 Switch 1 


OOOCl 

000C2 

000C8 

000C9 

OOOCA 

OOOCB 

OOOCC 

OOOCD 

OOOCE 

OOOCF 

OOODO 


000D1-000D7 

000D8 

000D9-000DF 


Do not allow light 
pen interrupt 
(tri-state signal) 
Allow light pen 

interrupt (Pass 
interrupt signal) 
Joystick port XI 
(Current sense) 

Joy s tick por t Y1 
(Current sense) 
Joystick port X2 
(Current sense) 
Joystick port Y2 
(Current sense) 

Analog input 4 

(SW4) (Voltage sense) 
Analog input 3 

(SW3) (Voltage sense) 
Analog input 2 

-(SW2) (Voltage -sense) 
Analog input 1 

(SWl) (Voltage sense) 
Clock Control 


0 

Addr e s s 

Bi t 

0 

MSM5832 

clock 

1 

Address 

Bi t 

1 

MSM5832 

clock 

2 

Addr e s s 

Bi t 

2 

MSM5832 

clock 

3 

Addr es s 

Bi t 

3 

MSM5832 

clock 

4 

HOLD 





5 

WRITE 





6 

READ 





7 

+ or - 

30 sec 

ad just 



Reserved 
Clock data 


(low nibble only) 
Reserved 


A-4 



TECHNICAL REFERENCE 


SYSTEM I/O MAP 


Table A-1 System I/O Map (Concluded) 
Address Device Bit/Use 


Sync-Async Comm Board: 

OOOEO-OOOE3 COMM Port 

000E4 

000E5 

000E6 

OOOE7 

000E8-000EB COMM Port 
OOQEC . 

OOOED 

OOOEE 

OOOEF 

000F0-000F3 COMM Port 

000F4 

000F5 

000F6 

000F7 

000F8-000FB COMM Port 

OOOFC 

OOOFD 

OOOFE 

OOOFF 

00100-003FF 


1 IRl Interrupt Acknowledge 

CHB command 
CHB data 
CHA command 
CHA data 

2 IR2 Interrupt Acknowledge 

CHB command 
CHB data 
CHA command 
CHA data 

3 IR3 Interrupt Acknowledge 

CHB command 
CHB data 
CHA command 
CHA data 

4 IR4 Interrupt Acknowledge 

CHB Command 
CHB Data 
CHA Command 
CHA Data 

Available for 

future products 
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Appendix B 
SYSTEM MEMORY MAP 


Table B-1 System Memory Map 


Address 

Dynamic RAM: 


Devi ces 


OOOOO-OFFFF 

10000-lFFFF 

20000-2FFFF 

30000-3FFFF 


64-kbytes motherboard RAM 
64-kbytes expansion RAM board Bank 1 
64-kbytes expansion RAM board Bank 2 
64-kbytes expansion RAM board Bank 3 


40000-BFFFF 


Expansion bus memory 


CRT Controller: 

C0000-C7FFF 

C8000-CFFFF 

D0000-D7FFF 

D8000-DDFFF 

DE000-DE7FF 

DE800-DEFFF 


Graphics RAM Bank A 
Graphics RAM Bank B 
Graphics RAM Bank C 
Reserved 

Active character memory 
Phantom character memory 


DFOOO 


Bit 0 Mi scellaneous input buffer, 

BLUE feedback, read only 
Bit 1 Miscellaneous input buffer, 

RED feedback, read only 
Bit 2 Miscellaneous input buffer, 

GREEN feedback, read only 
Bit 3 Miscellaneous input buffer, 

interrupt pending, read only 
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Table B-1. System Memory Map, Concluded 
Address Devices 


DFOOl-DFOOF 

DFOIO-DFOIF 

DF020-DF02F 

DF030-DF03F 

DF040-DF7FF 

DF800-DF80F 

DF810 

' DF811 

DF812 

DF813 

DF814-DF81F 

DF820 

Other Peripherals : 

DF821-DFFFF 

E0000-E7FFF 

E8000-F3FFF 

ROM Usage : 

F4000-F5FFF 

F6000-F7FFF 

F8000-F9FFF 

FAOOO-FBFFF 

FCOOO-FDFFF 

FEOOO-FFFFF 


Miscellaneous input buffer 
Graphics RED palette 
latch, write only 
Graphics GRN palette 
latch, write only 
Graphics BLU palette 
latch, write only 
Reserved 
At tribute latch 

CRT controller address register, 
write only 

CRT Controller status register, 
read only 

CRT Controller address register, 
write only 

CRT Controller address register, 
write only 
Reserved 


Bit 7 Miscellaneous output latch, 
interrupt enable 

Bit 6 Miscellaneous output latch, 

alphanumer i cs screen enable 


Re served 

Reserved for speech storage RAM 
Reserved 


8K ROM space ( Clock/Analog 
Interface) 

8K ROM space(Local Area Net 
Option Board) 

8K ROM space ( Wi nches t er Controller) 

8K ROM space (Reserved) 

8K ROM space, 1 wait state (XU62) 

( mo ther boar d ) 

8K system ROM, 1 wait state (U63) 
(mo therboard ) 
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Appendix C 
CHARACTER SET 


Table C-1 ASCII Control Characters 
From USA Standards Institute Publication X3. 4-1968 


ACK 

acknowledge 

FF 

form feed 

BEL 

bell 

FS 

file separator 

BS 

backspace 

GS 

group separator 

CAN 

cancel 

HT 

horizontal tabulation 

CR 

carriage return 

LF 

line feed 

DCl 

device control 1 

NAK 

negat ive acknowledge 

DC2 

device control 2 

MUL 

null 

DC3 

device control 3 

RS 

record separator 

DC4 

device control 4 

SI 

shift in 

*DEL 

delete 

SO 

shift out 

DLE 

data link escape 

SOH 

start of heading 

EM 

end of medium 

STX 

startof text 

ENQ 

enqu i ry 

SUB 

substi tute 

EOT 

end of transmission 

SYN 

synchronous idle 

ESC 

escape 

US 

unit separator 

ETB 

ETX 

end of transmission block 
end of text 

VT 

vertical tabula t ion 


* 


Not strictly a control character 
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Table C-2. Numeric Cross Reference for Character Sets 


Decimal 

Hexadecimal 

Keystroke(s) 

ASCII 

Character 

Displayed 

Character Comments 

0 

00 

CTRL 2 

NUL 


1 

01 

CTRL A 

SOH 


2 

02 

CTRLB 

STX 

s 

3 

03 

CTRLC 

ETX 


4 

04 

CTRLD 

EOT 

♦ 

5 

05 

CTRLE 

ENQ 


6 

06 

CTRLF 

ACK 


7 

07 

CTRLG 

BEL 

♦ 

8 

08 

CTRL H, 
BACKSPACE, 
SHIFT, 
BACKSPACE 

BS 

Q 

9 

09 

CTRLI 

HT 

❖ 

10 

OA 

CTRL RETURN, 
CTRLJ, 
LINE FEED 

LF 

8 

11 

OB 

CTRLK 

VT 

cf 

12 

OC 

CTRLL 

FF 

9 

13 

OD 

CTRLM, 
RETURN, 
SHIFT RETURN 

CR 

/ 

14 

OE 

CTRLN 

SO 

- 

15 

OF 

CTRLO 

SI 

# 

16 

10 

CTRLP 

DLE 


17 

11 

CTRLQ 

DCl 

A 

18 

12 

CTRLR 

DC2 

t 

19 

13 

CTRLS 

DC3 

II 
1 1 

20 

14 

CTRLT 

DC4 


21 

15 

CTRLU 

NAK 

§ 
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Table C-2. Numeric Cross-Reference for Character Sets (Continued) 


Decimal 

Hexadecimal 

Keystroke(s) 

ASCII 

Character 

Displayed 

Character 

Comments 

22 

16 

CTRLV 

SYN 

- 


23 

17 

CTRLW 

ETB 



24 

18 

CTRLX 

CAN 

t 


25 

19 

CTRLY 

EM 



26 

1A 

CTRLZ 

SUB 



27 

1B 

CTRL[, 

ESC, 

SHIFT ESC, 
CTRL ESC 

ESC 

+- 


28 

1C 

CTRL\ 

FS 

L. 


29 

ID 

CTRL] 

GS 



30 

IE 

CTRL 6 

RS 

A 


31 

1F 

CTRL- 

US 

T 


32 

20 

CTRL SPACE, 
SPACEBAR, 
ALT SPACE, 
SHIFT SPACE 

SP 


Blank space 

33 

21 

! 

! 

! 

Exclamation point 

34 

22 

9 9 

" 

9 9 

Quotation marks 

35 

23 


# 

i 

Number, Pound 

36 

24 

$ 

$ 

$ 

Dollar sign 

37 

25 

% 

% 

% 

Percent sign 

38 

26 

& 

& 

& 

Ampersand 

39 

27 


9 

9 

Apostrophe 

40 

28 

( 

( 

( 

Open parenthesis 

41 

29 

) 

) 

) 

Close parenthesis 

42 

2A 

* 

* 

* 

Asterisk 

43 

2B 


+ 

-H 

Plus 
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Table C-2. Numeric Cross-Reference for Character Sets (Continued) 


Decimal 

Hexadecimal 

Keystroke(s) 

ASCII 

Character 

Displayed 

Character Comments 

44 

2C 

t 

/ 


Comma 

45 

2D 

- 

- 

- 

Minus, Hyphen 

46 

2E 

• 



Period, Decimal point 

47 

2F 

/ 

/ 

/ 

Slash, Virgule 

48 

30 

0 

0 

0 

Zero 

49 

31 

1 

1 

1 

One 

50 

32 

2 

2 

2 

Two 

51 

33 

3 

3 

3 

Three 

52 

34 

4 

4 

4 

Four 

53 

35 

5 

5 

5 

Five 

54 

36 

6 

6 

6 

Six 

55 

37 

7 

7 

7 

Seven 

56 

38 

8 

8 

8 

Eight 

57 

39 

9 

9 

9 

Nine 

58 

3A 




Colon 

59 

3B 


9 

9 

Semicolon 

60 

3C 

< 

< 

< 

Less than 

61 

3D 

= 

= 

= 

Equals sign 

62 

3E 

> 

> 

> 

Greater than 

63 

3F 

? 

? 

? 

Question mark 

64 

40 

@ 

@ 

@ 

Commercial "'at" 

65 

41 

A 

A 

A 

A (uppercase) 

66 

42 

B 

B 

B 

B (uppercase) 

67 

43 

C 

C 

C 

C (uppercase) 

68 

44 

D 

D 

D 

D (uppercase) 
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Table C-2. Numeric Cross-Reference for Character Sets (Continued) 


Decimal 

Hexadecimal 

Keystroke(s) 

ASCII 

Character 

Displayed 

Character 

Comments 

69 

45 

E 

E 

E 

E (uppercase) 

70 

46 

F 

F 

F 

F (uppercase) 

71 

47 

G 

G 

G 

G (uppercase) 

72 

48 

H 

H 

H 

H (uppercase) 

73 

49 

1 

1 

1 

1 (uppercase) 

74 

4A 

J 

J 

J 

J (uppercase) 

75 

4B 

K 

K 

K 

K (uppercase) 

76 

4C 

L 

L 

L 

L (uppercase) 

77 

4D 

M 

M 

M 

M (uppercase) 

78 

4E 

N 

N 

N 

N (uppercase) 

79 

4F 

0 

0 

0 

0 (uppercase) 

80 

50 

P 

P 

P 

P (uppercase) 

81 

51 

Q 

Q 

Q 

Qj (uppercase) 

82 

52 

R 

R 

R 

R (uppercase) 

83 

53 

S 

S 

S 

S (uppercase) 

84 

54 

T 

T 

T 

T (uppercase) 

85 

55 

U 

U 

U 

U. (uppercase) 

86 

56 

V 

V 

V 

V.( uppercase) 

87 

57 

w 

W 

W 

W (uppercase) 

88 

58 

X 

X 

X 

X (uppercase) 

89 

59 

Y 

Y 

Y 

Y (uppercase) 

90 

5A 

z 

Z 

Z 

Z (uppercase) 

91 

5B 

[ 

[ 

[ 

Open bracket 

92 

5C 

\ 

\ . 

\ 

Left slash 

93 

5D 

] 

] 

] 

Close bracket 
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Table C-2. Numeric Cross-Reference for Character Sets (Continued) 


Decimal 

Hexadecimal 

Keystroke(s) 

ASCII 

Character 

Displayed 
Character . 

Comments 

94 

5E 

A 

A 

A 

Circumflex 

95 

5F 




Underline 

96 

60 

V 

V 


Graves accent 

97 

61 

a 

a 

a 

a (lowercase) 

98 

62 

b 

b 

b 

b (lowercase) 

99 

63 

c 

c 

c 

c (lowercase) 

100 

64 

d 

d 

d 

d (lowercase) 

101 

65 

e 

e 

e 

e (lowercase) 

102 

66 

f 

f 

f 

f (lowercase) 

103 

67 

g 

g 

g 

g (lowercase) 

104 

68 

h 

h 

h 

h (lowercase) 

105 

69 

i 

i 

i 

i (lowercase) 

106 

6A 

i 

j 

j 

i (lowercase) 

107 

6B 

k 

k 

k 

k (lowercase) 

108 

6C 

1 

1 

1 

1 (lowercase) 

109 

6D 

m 

m 

m 

m (lowercase) 

110 

6E 

n 

n 

n 

n (lowercase) 

111 

6F 

0 

0 

0 

0 (lowercase) 

112 

70 

P 

P 

P 

p (lowercase) 

113 

71 

q 

q 

q 

q (lowercase) 

114 

72 

r 

r 

r 

r (lowercase) 

115 

73 

s 

s 

s 

s (lowercase) 

116 

74 

t 

t 

t 

t (lowercase) 

117 

75 

u 

u 

u 

u (lowercase) 

118 

76 

V 

V 

V 

V (lowercase) 
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Table C-2. Numeric Cross Reference for Character Sets (Continued) 





ASCII 

Displayed 


Decimal 

Hexadecimal 

Keystroke(s) 

Character 

Character 

Comments 

119 

77 

w 

w 

w 

w (lowercase) 

120 

78 

X 

X 

X 

X (lowercase) 

121 

79 

y 

y 

y 

y (lowercase) 

122 

7A 

z 

z 

z 

z (lowercase) 

123 

7B 

{ 

{ 

{ 

Open brace 

124 

7C 

1 

1 

1 

1 

1 

1 

Vertical rule, Bar 

125 

7D 

} 

} 

} 

Close brace 

126 

7E 




Tilde 

127 

7F 

CTRL- 

BACKSPACE 

DEL 


ASCII DEL 

128 

80 

ALT 128 




129 

81 

ALT 129 


u 


130 

82 

ALT 130 


i 


131 

83 

ALT 131 


A 

a 


132 

84 

ALT 132 


a 


133 

85 

ALT 133 


■V 

a 


134 

86 

ALT 134 


a 


135 

87 

ALT 135 


9 


136 

88 

ALT 136 


e 


137 

89 

ALT 137 


e 


138 

8A 

ALT 138 


■v 

e 


139 

8B 

ALT 139 


V 


140 

8C 

ALT 140 


t 


141 

8D 

ALT 141 


> 

1 


142 

8E 

ALT 142 


A 
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Table C-2. Numeric Cross-Reference for Character Sets (Continued) 


Decimal 

Hexadecimal 

Keystroke(s) 

ASCII 

Character 

Displayed 

Character Comments 

143 

8F 

ALT 143 


A 

144 

90 

ALT 144 


✓ 

E 

145 

91 

ALT 145 


ae 

146 

92 

ALT 146 



147 

93 

ALT 147 


A 

0 

148 ' 

94 

- ALT 148 


d 

149 

95 

ALT 149 



150 

96 

ALT 150 


A 

U 

151 

97 

ALT 151 


•*«* 

u 

152 

98 

ALT 152 


V 

153 

99 

ALT 153 


0 

154 

9A 

ALT 154 


u 

155 

9B 

ALT 155 


r 

156 

9C 

ALT 156 


£ 

157 

9D 

ALT 157 



158 

9E 

ALT 158 


P+ 

159 

9F 

ALT 159 


/ 

160 

AO 

ALT 160 

- 

a . 

161 

A1 

ALT 161 


1 

162 

A2 

ALT 162 


0 

163 

A3 

ALT 163 


u 

164 

A4 

ALT 164 


n 

165 

A5 

ALT 165 


N 

166 

A6 

ALT 166 


0 

167 

A7 

ALT 167 


n 
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Table C-2. Numeric Cross-Reference for Character Sets (Continued) 


ASCII Displayed 

Decimal Hexadecimal Keystroke(s) Character Character Comments 


168 

A8 

ALT 168 

1 

169 

A9 

ALT 169 

n 

170 

AA 

ALT 170 

n 

171 

AB 

ALT 171 

% 

172 

AC 

ALT 172 

% 

173 

AD 

-ALT 173 

9 

174 

AE 

ALT 174 

< 

175 

AF 

ALT 175 

> 

176 

BO 

ALT 176 


177 

B1 

ALT 177 


178 

B2 

ALT 178 


179 

B3 

ALT 179 

1 

180 

B4 

ALT 180 


181 

B5 

ALT 181 


182 

B6 

ALT 182 


183 

B7 

ALT 183 


184 

B8 

ALT 184 


185 

B9 

ALT 185 


186 

BA 

ALT 186 

II 

187 

BB 

ALT 187 


188 

BC 

ALT 188 


189 

BD 

ALT 189 


190 

BE 

ALT 190 


191 

BF 

ALT 191 


192 

CO 

ALT 192 

L 


C-9 





TECHNICAL REFERENCE 


CHARACTER SET 


Table C-2. Numeric Cross-Reference for Character Sets (Continued) 


ASCII Displayed 

Decimal Hexadecimal Keystroke(s) Character Character Comments 


193 

Cl 

ALT 193 

194 

C2 

ALT 194 

195 

C3 

ALT 195 

196 

C4 

ALT 196 

197 

C5 

ALT 197 

198 

C6 

- ALT 198 

199 

C7 

ALT 199 

200 

C8 

ALT 200 

201 

C9 

ALT 201 

202 

CA 

ALT 202 

203 

CB 

ALT 203 

204 

cc 

ALT 204 

205 

CD 

ALT 205 

206 

CE 

ALT 206 

207 

CF 

ALT 207 

208 

DO 

ALT 208 

209 

D1 

ALT 209 

210 

D2 

ALT 210 

211 

D3 

ALT 211 

212 

D4 

ALT 212 

213 

D5 

ALT 213 

214 

D6 

ALT 214 

215 

D7 

ALT 215 

216 

D8 

ALT 216 

217 

D9 

ALT 217 
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Table C-2. Numeric Cross-Reference for Character Sets (Continued) 


ASCII Displayed 

Decimal Hexadecimal Keystroke(s) Character Character Comments 


218 

DA 

ALT 218 


219 

DB 

ALT219 


220 

DC 

ALT 220 


221 

DD 

ALT 221 


222 

DE 

ALT 222 


223 . 

DF 

_ ALT 223 


224 

EO 

ALT 224 

(X 

225 

El 

ALT 225 

/3 

226 

E2 

ALT 226 

r 

227 

E3 

ALT 227 

n 

228 

E4 

ALT 228 

I 

229 

E5 

ALT 229 

a 

230 

E6 

ALT 230 

. M 

231 

E7 

ALT 231 

T 

232 

E8 

ALT 232 


233 

E9 

ALT 233 

B 

234 

EA 

ALT 234 

Q 

235 

EB 

ALT 235 

6 

236 

EC 

ALT 236 

oo 

237 

ED 

ALT 237 

0 

238 

EE 

ALT 238 

6 

239 

EF 

ALT 239 

n 

240 

FO 

ALT 240 


241 

FI 

ALT 241 

± 

242 

F2 

ALT 242 

> 
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Table C-2. Numeric Cross-Reference for Character Set (Concluded) 


ASCII Displayed 

Decimal Hexadecimal Keystroke(s) Character Character Comments 


243 

F3 

ALT 243 

< 

244 

F4 

ALT 244 

r 

245 

F5 

ALT 245 

j 

246 

F6 

ALT 246 

■f 

247 

F7 

ALT 247 


248 

-- F8 . 

ALT248 

o 

249 

F9 

ALT 249 

• 

250 

FA 

ALT 250 

• 

251 

FB 

ALT 251 


252 

FC 

ALT 252 

n 

253 

FD 

ALT 253 

z 

254 

FE 

ALT 254 

m 

255 

FF 

ALT 255 
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Appendix D 
CURRENT REQUIREMENTS 


This appendix contains information on the current allocations for the 
Texas Instruments Professional Computer. Current requirements for the 
options and the printed wiring boards are listed below. 


Total current available: 

* 5 Volt line 10.0 A 


★ 12 Volt line 4.5 A 




* -5 Volt line 0.5 A 

Table D-1 

Cur r en t 

Allocations 


Devi ce 

5 Volt 

12 Volt 

-12 Volt 

Name 

Line 

Line 

Line 

Mo t herboar d 

1.9 

0 . 1 

0 . 0 

CRT Con t roller 

1 . 3 

0 . 0 

0.0 

RAM Expansion 

0 . 2 

0 . 0 

0 . 0 

Graphi cs 

0 . 8 

0 . 0 

0 . 0 

Di ske t t e Dr i ve 

1 . 0 

1 . 2 

0 . 0 

Winchester Drive 

1 . 1 

1 . 8 

0 . 0 

Winchester Controller 

1 . 7 

0 . 0 

0 . 0 

Commun i cations 

0 . 2 

0 . 1 

0 . 1 

Modem 

0 . 0 

0 . 1 

0 . 1 

Speech 

1 . 9 

0 . 1 

0 . 1 
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Appendix E 

ASYNCHRONOUS COMMUNICATIONS SAMPLE PROGRAM 
Control and Status signals 

Listed below are the RS232-C control and status signals^ with the 
cor r espondi ng 8530 functions used to control and monitor them. This 
table is a summary of information available from the sync-async comm 
board schematic. 


Table E-1 RS232-C Control and Status signals 


RS232-C Pin 8530 Accessed 

Signal .. Number Function through 


Data Terminal Ready (DTR) 20 

Request” tO”Send (RTS) 4 

Data Set Ready (DSR) 6 

Data Carrier Detect (DCD) 8 

Clear”TO”Send (CTS) 5 

Ring Indicator (RI) 22 

Speed Selector (CH) 11, 

Speed Indicator (Cl) 12 


DTRA 

Channel 

A, 

WR5 , 

Bit 

7 

RTSA 

Channel 

A, 

HRS , 

Bi t 

1 

DCDB 

Channel 

B. 

RRO , 

Bit 

3 

DCDA 

Channel 

A, 

RRO , 

Bi t 

3 

CTSA 

Channel 

A, 

RRO , 

Bit 

S 

CTSB 

Channel 

B. 

RRO , 

Bi t 

5 

DTRB 

Channel 

B, 

WR5 , 

Bit 

7 

SYNCB 

Channel 

B. 

RRO , 

Bit 

4 
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$ERRORPRINT 

$XREF 


TITLE - COMMEX - Example of Async communications 
COMPUTER - 8088 ASSEMBLY LANGUAGE 

ABSTRACT - This a sample program showing typical initialization 

of the TIPC commun i ca t i ons board in asynchr onous , polled mode. 


NAME COMMEX 

$TITLE(COMMEX - ASYNC COMMUNICATIONS EXAMPLE) 

$EJECT 

; PUBLIC DEFINITIONS 

PUBLIC COMMEX 
$EJECT 

; LOCAL CONSTANTS 

I icicitii:iticicicicicitieicitiiciticit:itieiticic*itii:iciticiitieticicti(ieiiieitiieiiei^ieititiciti^ititilcicicicisi^it:icitit if icieic^icicie^ 

PICMDA EQU 0E6H ; PORT 1, CHANNEL A COMMAND ADDRESS. 

PICMDB EQU GE4H ; PORT 1, CHANNEL B COMMAND ADDRESS . 

$EJECT 

BIOCODE SEGMENT BYTE PUBLIC 
ASSUME CS : BIOCODE, DS : BIOCODE 

'^icicifitici(icieifi:icif±ificicicic'k'kicitii:ifififif’kiciicieificificii£itif'kificicii:ififififific1i£tififictififif-kicic-kicie'k'kificicfcificictttt 

; 8530 Initialization Routine 


This routine initializes Port 1 according to a table of ini t iali zat i©ri 
parameters stored in PARMST. PARMST contains an image of the contents 
of the various 8530 registers. The contents of each register is pre™ 
ceeded by the number of the register itself. This number is used t© 
select the appropriate register on the 8530. 


Thi s 


i n i t ial i za t i on programs the port for asynchr onous , polled 
operations where all interrupts from channel A (i.e., rec 
transmit and external status interrupts) and channel B (i 
status interrupts) are disabled. The software is to poll 
register RRO in channel A to determine when data has been 
and whether transmission of data has completed. 


e i ve , 

. e . , external 
read 

received 


COMMEX PROC NEAR 


First , 


the 8530 channel A 


i s ini t ialized . 


MOV 

MOV 

MOV 

INIA 


SI , OFFSET 
DX , 0E6H 
CX , PARMAS 
LODS DS : 


PARMTA ; 

; DX=Por 
; CX=Pa 
BYTE PTR[S 


SI = 
t 1, 
rame 
I] 


Address of Chn A parm table. 
Channel A Command address, 
ter table size. 

; Get byte from parameter table. 
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OUT DX,AL ; Write it to 8S30 until 

LOOP INIA ; all registers are programmed. 

; Now to initialize channel B. 

/ 

MOV SI, OFFSET PARMTB ; SI=Address of Chn B parm table. 

MOV CX,PARMBS ; CX=Parameter table size. 

MOV DX,0E4H ; DX=Port 1 , Channel B Command address. 

INIB: LODS DS : BYTE PTR[SI] ; Get byte from parameter table. 

OUT DX,AL ; Write it until all registers 
LOOP INIB ; are programmed. 

RET 

COMMEX ENDP 
$ EJECT 
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ASYNCHRONOUS COMMUNICATIONS SAMPLE PROGRAM 



This area contains the initialization parameters for channels A and B 
of por t 1 . 


Initialization parameters for channel A. 


PARMTA LABEL HEAR 

DB 09 ; Select HR9 code. 

OB IIOOOOOOB ; Reset 8530. 

DB 11 ; Select WRll code. 

DB OlOlOOlOB ; Rev clock=Baud rate generator. 

; Xmt clock*Baud rate generator. 

OB 14 ; Select HR14. 

DB OOOOOOllB ; Enable baud rate generator. 

DB 12 ; Select WR12. 

DB 6 ; Baud rate (low byt-e)= 9600 baud. 

DB 13 ; Select HR13. 

DB 0 ; Baud rate (high byte)= 9600 baud. 

DB 15 ; Select WR15. 

DB 0 ; Disable external status interrupts. 

DB 1 ; Select WRl . 

DB 0 ; Disable all other interrupts. 

DB 3 ; Select WR3 . 

DB OIOOOOOIB ; Rcv=7 bits of data + parity bit. 
DB 4 ; Select HR4 . 

DB OlOOOllOB ; xl6 clock input, 1 stop bit, 

; even parity enabled. 

DB 5 ; Select HRS. 

DB lOlOlOlOB ; Turn on DTR and RTS, 

; Transmit enable, 

; Xmt = 7 bits of data parity bit. 

PARMAS EQU $-PARMTA 


Initialization parameters for channel B. 


PARMTB LABEL NEAR 
DB 15 ; Select HR15 . 

DB 00 ; Disable external status interrupts. 

DB 01 ; Select HRl . 

DB 00 ; Disable all other interrupts. 

PARMBS EQU $-PARMTB 

f 

$EJECT 
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8530 Receive Character Routine 

t 

; This routine is called to read a single received character f 
; 8530 receive receive fifo. If no character is available in 

; this routine waits until a character is received before retu 
; the caller , 

t 

I icicieicieiciticicicicicicii:ik;iticiticicie*icicieitiici^ic*ici^iciciticiciciciciciciicic'k'k’k'kic-k'k'k'k'k’k'k'k’kic-k'k'k 

READCH PROC NEAR 

MOV DX,0E6H ; DX=Port 1, Chn A, command address. 

TRYRAG: IN AL , DX ; Read RRO contents. 

AND AL^OOOOOOOIB ;Q: Any characters in rev fifo ? 

JZ TRYRAG ; No, try again. 

MOV DX,0E7H ; Yes, DX=data port address. 

IN AL , DX ; AL=character received. 

RET 

READCH ENDP 
$EJECT 




rom the 
the fifo, 
r n i ng t o 


•k'k'kieic’k’kic'kie'kicicici 
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; 8530 Transmi t Character Routine n 

f 

; This routine is called to write a single character (in AL register) to 
; the 8530 for t ran smi s s i on . If a character is currently being transmitted 

; this routine waits until transmission of that character completes before 

; attempting to transmit the next character. 

t 

WRITEC PROC NEAR 

MOV DX,0E6H ; DX=Port 1, Chn A, command address. 

TRYXAG: IN AL,DX ; Read RRO contents. 

AND AL/OOOOOIOOB ;Q: Character being transmitted ? 

JZ TRYXAG ; Yes, try again. 

MOV DX,0E7H ; No, DX=data port address. 

OUT DX , AL ; AL=character received. 

HRITEC ENDP 
BIOCODE ENDS 
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Appendix F 

MODEM SAMPLE ROUTINES 


RCNTL 


RCNTL - This subroutine determines whether a modem is 
installed in port 1 and if so, activates the 
RCNTL sigrnal to initiate the modem Control Mode. 


RCNTL 

PROC 

NEAR 




MOV 

DX , 00E4H 

DX = PORT 1 CHANNEL B 

ADDRESS . 


MOV 

AL, 05 

WR5 SELECT. 



OUT 

DX , AL 

SELECT REGISTER 5. 



MOV 

AL , 02 

TURN ON RCNTL (RTS IN 

CHANNEL B). 


OUT 

DX , AL 



/ 

f 

NOH TO 

DETERMINE IF MODEM IS INSTALLED. 


f 

LOOP : 

MOV 

DX,00E6H 

DX = PORT 1 CHANNEL A 

ADDRESS . 


MOV 

AL, lOH 

reset EXTERNAL STATUS 

INTERRUPTS . 


OUT 

DX, AL 




IN 

AL, DX 

READ RRO. 



TEST 

AL, OOOIOOOOB 

Q; IS ACNTL (SYNCA) ACTIVE ? 


JZ 

LOOP 

NO, CONTINUE TO LOOK 

FOR ACNTL. 


RET 


YES , RETURN TO CALLER 

IN CONTROL MODE 

RCNTL 

ENDP 
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DIAGST 




; DIAGST - This routine requests the diagnostics status from 
; the modem and returns the result in register AL . 

; It is assumed that the Zilog 8530 has been previously 

; initialized and that the modem has been placed in 

; Con t r ol Mode . 

;±icicici(icici(:iei(*ici(icii:iicicic-k-k'k’k'kicicicici(icic'k*ic'kicicic'kicicit:ic’k*ici:ic**it:icicicicicifii:ic’k’k'kik 


DIAGST 

PROC 

NEAR 




MOV 

DX , 00E7H 

DX = 

PORT 1 , CHANNEL A DATA PORT ADDRESS 


MOV 

AL , ’ D’ 

AL = 

DIAGNOSTIC COMMAND CODE. 


OUT 

DX , AL 

REQUEST MODEM DIAGNOSTICS STATUS. 

LOOP : 

MOV 

DX , 00E6H 

DX = 

PORT 1, CHANNEL A COMMAND ADDRESS. 


IN 

AL,DX 

READ 

CHANNEL A’S RRO . 


TEST 

AL , OOOOOOOIB 

q; has a character arrived from modem ? 


JZ 

LOOP 

NO , 

WAIT FOR COMMAND RESPONSE. 


MOV 

DX , 00E7H 

YES , 

DX = PORT 1 DATA PORT ADDRESS . 


IN 

AL, DX 

READ 

DATA FROM RCV FIFO. 


RET 


RETURN WITH STATUS IN AL . 

DIAGST 

EMDP 
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DIALER 


isiticiie'k'k’k'k'k'kic'kicicicic'k'kic'k'kie'kie'k'k'k'k'kie'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'kic'k'k'k'kicic'k'kic 

DIALER - This routine dials a typical phone number. It 
does not monitor the progress of the call and 
it assumes the Zilog 8530 has been previously 
initialized and that the modem has been placed 
i n Con t r ol Mode . 

The phone number to be dialed is contained in 
a buffer (phonum) and is terminated by a null. 

ie-k'kieie-k'kieie'k'kic'kieieie'k'k’kicicie'kic'kieicic'k'kic’kic'kilc'k'kicic'kic-k'kicie'kitieic’k'kieic’kie’k'k 


DIALER 

PROC 

NEAR 



MOV 

DX,00E7H 

DX = PORT 1 , CHANNEL A DATA PORT ADDRESS 


HOV 

DI , OFFSET- -PHONUM 

; DI=ADDRESS OF PHONE NUMBER BUFFER. 


MOV 

AL, 'T' 

Use T for touch tone 


OUT 

DX,AL 

Transmit - command to modem 

f 

Nest 

send the strip of telephone numbers 

LOOP : 

MOV 

AL,[DI] 

GET PHONE NUMBER DIGIT. 


XOR 

AL , AL 

Q: END OF PHONE NUMBER ? 


JE 

SENDPT 

YES, SEND PHONE NUMBER TERMINATOR. 


OUT 

DX , AL 

NO, SEND DIGIT TO MODEM. 


INC 

DI 

POINT TO NEXT DIGIT. 


JMP 

LOOP 

CONTINUE IN LOOP. 

f 

SENDPT: 

MOV 

AL, *X* 

AL = PHONE NUMBER TERMINATOR COMMAND. 


OUT 

DX , AL i 

; SEND TO MODEM. 


LOOPl 


NOW TO WAIT FOR THE DIAL COMMAND COMPLETION. 
AL RETURNS THE STATUS OF THE DIAL COMMAND. 


DIALER 


MOV 

IN 

TEST 

JZ 

MOV 

IN 

RET 

ENDP 


DX , 00E6H 
AL,DX 

AL , OOOOOOOIB 
LOOPl 
DX ,00E7H 
AL,DX 


DX =PORT 1, CHANNEL A COMMAND ADDRESS. 
READ CHANNEL A’S RRO . 

Q: HAS A CHARACTER ARRIVED FROM MODEM ? 

NO, WAIT FOR COMMAND RESPONSE. 


YES , DX 


PORT 1 DATA PORT ADDRESS . 


READ DATA FROM RCV FIFO. 
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Appendix G 

BOOT ROUTINE AND SAMPLE ASSEMBLY CODE 

Appendix G gives a sample source program that could be in 
sector. This example is excerpted from the MS-DOS Vi. 10 boot 


the boot 
sector. 
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TITLE 

ABSTRACT 
f r om 


- BOOT - 


SAMPLE BOOT ROUTINE FOR THE TI PROFESSIONAL COMPUTER 


This routine is responsible for loading the system files 
the disk. This routine resides in the *boot* sector 
(track 0 sector 1) of the disk which is loaded at absolute 
location OCOOOH boot code in the system ROM and then executed. 


NAME 

TITLE 

PAGE 


BOOT 

TIPC BOOT LOGIC) 


LOCAL CONSTANTS 


VERS 

EQU 

0 

Current version of BOOT logic 


REV 

EQU 

0 

Re V i Sion level 


CR 

EQU 

ODH 



LF 

EQU 

OAH 



f 

; WINCHESTER 

disk DIT (Disk Interface Table) equates 


DITSTRC 

STRUC 




DITDIR 

DD 

0 

Disk Interface Routine vector 

(dword) 

DITSEC 

DW 

512 

Sector size in bytes (word) 


DITTRK 

DB 

17 

Track size in sectors (byte) 


DITCYL 

DB 

4 

Cylinder size in tracks (byte) 


DITDSK 

DB 

153 

Disk size in cylinders (BYTE) 


DITERR 

DB 

1 

Maximum number of error retries 

DITWRC 

DW 


reduced write current ‘ 


DITPRC 

DW 

64 

Write pre-comp threshold cylinder 

DITSTP 

DB 

lOOOOOOOB 

Step option 


DITBUR 

DB 

11 

Error burst length 



DW 

0000 

reserved for expansion 


DITSTRC 

ENDS 





PAGE 





; ROM 

BIOS 

interface vectors: 



f 

BELINT 

EQU 

48H 

System beeper I/O and general 

ROM interface 

CRTINT 

EQU 

49H 

Screen I/O 


KEYINT 

EQU 

4AH 

Keyboard I/O 


PRTINT 

EQU 

4BH 

Parallel port I/O 


GAMINT 

EQU 

4CH 

Analog Input/Clock I/O 


DSKINT 

EQU 

4DH 

Floppy disk I/O 


CLKINT 

EQU 

4EH 

Time-of-day clock I/O 


CONINT 

EQU 

4FH 

System conf i gura t i on 
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FIXED ROM DATA AREA - (absolute offsets from absolute 0) 

These equations define the ROM communications area, containing data 
that must be accessed by both the ROM and user/appl i ca t i on programs . 
This data is accessed from the 'user* program by setting DS = 0. 


DSADDR 

DSSIZR 

DSADDO 

DSSIZO 

DSADD2 

DSSIZ2 

DSADD4 

DSSIZ4 

DSADD6 

DSSIZ6 

DSADD8 

DSSIZ8 

MEMSIZ 


4:^60H 

4*60H-^2 

4^61H 

4*61H-»-2 

4*62H 

4*62H+2 

4*63H 

4*63H-»-2 

4)t64H 

4^64H+2 

4:A:65H 

4*65H+2 

4:fr66H 


(WORD) pointer to DS for System ROM (ROMDAT) 
(WORD) size of DS for System ROM (ROMDAT) 
(WORD) pointer to DS for ROM at ROMCODrOOOO 
(WORD) size of DS for ROM at ROMCOD:0000 
(WORD) pointer to DS for ROM at ROMCOD:2000 
(WORD) size of DS for ROM at ROMCOD:2000 
(WORD) pointer to DS for ROM at ROMCOD:4000 
(WORD) size of DS for ROM at ROMCOD:4000 
(WORD) pointer to DS for ROM at ROMCOD:6000 
(WORD) size of DS for ROM at ROMCOD:6000 
(WORD) pointer to DS for ROM at ROMCOD:8000 
(WORD) size of DS for ROM at ROMCOD:8000 
(WORD) memory size (number of 16-byte blocks) 


f 

; DISK 

DSR OPERATIC 

f 

DKRSET 

EQU 

0 

DKSTAT 

EQU 

1 

DKREAD 

EQU 

2 

DKWRIT 

EQU 

3 

DKVERF 

EQU 

4 

DK VRFY 

EQU 

6 

DKSSTA 

EQU 

7 

DKFSET 

EQU 

8 

DKXSET 

EQU 

9 

DKRDIT 

EQU 

10 

DKKMOT 

EQU 

11 

DKBADC 

EQU 

12 

; -k-k'k'k'k’k'k’k-k "kis k k k it k k 

t 

; lO 

segment 

- d 

10 

SEGMENT 

AT 


ASSUME 

CS 

f 

lOSYS 

PROC 

FA 

lOSYS 

ENDP 


/ 

lO 

ENDS 

PAGE 


CODE 

SEGMENT 

AT 


ASSUME 

CS 


EQU 0 ; Reset disk system, drive parms must be preset 

EQU 1 ; Get disk status in (al) 

EQU 2 ; Read sectors into memory 

EQU 3 ; Write memory to disk sectors 

EQU 4 ; Verify crc on disk sectors 

EQU 6 ; Verify memory against disk sectors 

EQU 7 ; Get disk status for pre-retry (if any) 

EQU 8 ; Set UNIT St standard DIT for a drive 

EQU 9 ; Set UNIT Sr DIT address for a drive 

EQU 10 ; Return DIT address for drive 

EQU 11 ; Turn off Floppy Disk Motors 

EQU 12 ; Old > = this is a bad command 

segment - defines load address and entry point for BIOS 
SEGMENT AT 40H ; absolute location 400H 


; lO.SYS loaded here (40:0000) 


Absolute location OOOOH 
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Data area for ROM definitions 
ORG 400H 

LABEL WORD ; Initial location of ROM data area 

EQU 7 ; Number of sectors in lO.SYS 

ORG 1200H ; (OLDRMD+7*512) 

LABEL BYTE ; Location of rom data area 

ORG 1200H*»*13CH 

EQU (ROMDAT-OLDRMD) /16 

MODULE ENTRY POINT 

ORG OCOOOH 

PROC FAR ; Entry point for boot logic 

JMP BOOTST 


HEADER DATA AREA 



ORG 

0C003H ; 

Always 

start he 

re 



; File 

access table » Shows the 

loader 

where to 

find 

lO.SYS 


I OS EC 

OB 

8 ; 

1 side 

40 track 

load 

sector 

V 

lOTRK 

DB 

0 ; 

1 side 

40 track 

load 

track 


lOHEAD 

OB 

0 

1 side 

40 t rack 

load 

head 


t 

THE 

FOLLOWING BYTE MUST BE 

SET UP 

BY THE 

FORMAT 

COMMAND TO 



INDICATE THE DRIVE TYPE FOR WHICH THE DISK IS FORMATTED . 
THE PERMISSIBLE VALUES ARE 0»3 WHICH CORRESPOND WITH THE 
FLOPPY DISK TYPE . 


t 

DSKTYP 

OB 

00 

; Di 

sk formatted type 

BOODRV 

DB 

00 

; St 

orage for boot drive number 

f 

WINCHESTER DIT 



r 

WINDIT 

DITSTRC 

<> 

; 18 

BYTES LONG 

f 

SIGNON 

DB 

CR ,LF , ’ 

BOOT V 



DB 

VERS/10 

+ ' 0 ’ , ’ . ’ , VERS 

MOD 10+ 'O’, REV+ ’ 0 ' 


DB 

' (c) 1 

983 Texas Ins 

t r ume n t s , I nc . ' , 0 


PAGE 


; ★ * ★ ★ ★ 
t 

OLDRMD 

t 

lOS IZ 
ROMDAT 

f 

MOVDST 
; *:*★*■*★ 

e 

; 'k'k’k-kicit: 

SOOT 
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; DISK BOOT LOGIC - ROMDAT is moved from its initial location (absolute 

; address 400H) to its working location under MS DOS (absolute address 

; 1200H) . This code is called (FAR) by the ROM. If an error is 

; found, it can perform a RETurn to let the ROM handle it in the 

; same manner as the other boot-time errors. 

f 

; INPUT: BL = Floppy drive from which to attempt the boot 

; stack is set up below this code by the ROM 

BOOTST: 

MOV SI, OFFSET SIGNON; Signon the boot sector 

CALL MSG 


First, move the ROM data area out of the way. 


PUSH 

ES 

MOV 

AX , CS 

MOV 

DS , AX 

MOV 

ES , AX 

MOV 

BOODRV, BL 

MOV 

BX , DSADD8 

MOV 

AX , [ BX] 

OR 

AX , AX 

JNZ 

B004 

SUB 

BX , 4 

JMP 

BOO 2 


Save the ROM’s ES 

Note that CS = CODE = OOOOH) 

DS = CS = CODE = OOOOH 
ES = CS = CODE = OOOOH 
Save boot drive 

Point to last possible rom data area pointer 
Get data pointer 
Q: Data area in use'^ 

Y: Jump and calc data length 

N: Point to next data area pointer 

And check i t 


B004 : MOV CL, 4 ; Convert dsaddX pointer to absolute address 

SHL AX, CL ; 

ADD AX,[BX-*"2] ; And add in the last data area length 

SUB AX, offset OLDRMD ; Subtract the original location 

MOV CX,AX ; Results in total length to move 

MOV SI, offset OLDRMD; DS : S I = source for the move 

MOV DI, offset ROMDAT; ES : DI = destination for the move 

MOV BP , CX ; Get length of move into BP 

ADD BP,DI ; ROMDAT = lowest available memory 


MOV 

DX , DS : word 

ptr DSADDR 

CMP 

DX , (offset 

ROMDAT/X6 ) 

JE 

B007 


ADD 

SI , CX 


ADD 

DI , CX 


DEC 

S I 


DEC 

DI 



STD 

CLI 

REP MOVSB 

CLD 

MOV BX,DSADDR 

BOOS : 

CMP word ptr [BX],0000 


Pick up the ROMDAT pointer 
Q: Has the move already taken place 

(True if ROM is retrying the boot) 
Y: Then skip the move this time 

N: Then do the move 

Do the move in reverse in case ROMDAT 
area is larger than move length. 

0 relative 
0 relative 

Protect the move 
; ; Do the move 
; ; RESET STRING DIRECTION 
;; Set up the rest - start with DSADDR 

;; Q: ROM’s DSADDx = zero 
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J2 B006 

ADD word ptr [BX],MOVDST 

B006 : 

CMP BX,DSADD8 

JE B007 

ADD BX,4 

JMP SHORT BOOS 

B007 : 

STI 


N: Not installed, go to next one 

Y : Then adjust it 


Q : Are we 

all 

done ? 

Y: Cont 

i nue 

with boo t 

N : Poi n 

t to 

the next ROM ' s 

and loop 

for 

next one 


DSADDx 


Shields down 


HERE ROMDAT HAS BEEN MOVED AND BP 


CONTAINS 


LOWEST AVAILABLE MEM ADDRESS 


TELL DSR ABOUT THIS DISK 


MOV 

DL , BOODRV 

MOV 

AL,DSKTYP 

MOV 

AH , DKFSET 

INT 

DSKINT 

Set up 

the WINCHESTER if 


TYPE 

Drive number 

Get the disk formatted type 
Set the floppy DIT opcode 
Go do it. 

it is ins tailed . 



MOV 

AX, DS: WORD PTR DSADD4 

check for winchester 


OR 

AX, AX 


Q; winchester installed? 


JZ 

BOOT20 


N ; j ump 


PUSH 

ES 


Y ; save DS 


MOV 

ES , AX 


get winchester ROM ES 


MOV 

SI , OFFSET WINDIT+4 


get pointer to new DIT 


MOV 

AH, 0 


copy and set new winchester DIT 


CALL 

ES: DWORD PTR 0000 


call the winchester ROM 


POP 

ES 


retrieve ES 

BOOT 20 : 





; Load 

lO . SYS 

first “ 7 sectors (3. 

5K) loaded, have to miss the ROM data area 

; If a 

disk error occurs, it 



; re t ur 

ns to 

the caller for error handling (the caller is assumed to be 

; the routine 

DKBOOT in the System 

ROM) 


e 

MOV 

BX, offset OLDRMD 


Transfer offset ( ES already set) 


MOV 

CX , word ptr lOSEC 


Starting at proper track and sector 


MOV 

DH , lOHEAD 


... and head 


MOV 

DL , BOODRV 


From boot disk. 
7 sectors 


MOV 

AX , DKREAD*256-^IOSI2 


Select disk read function 


INT 

DSKINT 


Disk DSR 


JB 

NOBOOT 


If error, die 


MOV 

BL , DL 


Tell BIOS init about the boot drive 


MOV 

AX , BP 


And the lowest available address 


JMP 

lOSYS 


Else, go to BIOS init code 

; register 

AH contains an error 

code 

to be reported by the ROM 


NOBOOT : 

POP ES ; Restore original ES before ROM gets at it 
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TECHN ICAL REFERENCE 


BOOT ROUTINE 


AND SAMPLE ASSEMBLY CODE 


MOV DS,DS:word ptr DSADDR ; And point DS at the new ROMDAT 

ret ; FAR Return to DKBOOT 

BOOT ENDP 

PAGE 

MSG - Output string of characters in the current CS to the CRT. 

The string should be terminated with a zero byte. 

INPUT: SI = offset of string in current CS 

OUTPUT: (screen) 

USED: AX, SI 

STACK: 


MSG 
MSGO : 

PROC 

NEAR 


LODS 

CS : byte ptr [SI] 


OR 

AL , AL 


JNZ 

RET 

MSGl 

MSGl : 

MOV 

AH , CRTWTY 


INT 

CRTINT 


JMP 

MSGO 

MSG 

ENDP 


CODLEH 

EQU 

$-aooT 

CODFIL 

EQU 

512~CODLEN- 4 


DB 

CODFIL DUP (0) 


DB 

’ t 1 * 


DW 

OOOOH 

CODE 

ENDS 

END 



Get the char 
Q: Last char*^ 

N: Jump and print it. 

Y: RETURN *i^* 

Else print it 
And loop 

LENGTH OF THE CODE 

TOTAL SPACE AVAIL FOR CODE 

SPACE FILLER 

Disk iden t i f i er 

Boot sector CRC (Calculated by a 


utility) 
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TECHNICAL REFERENCE 


BOOT ROUTINE AND SAMPLE ASSEMBLY CODE 


The following pages show a sample assembly code, 
a 2048 byte ROM at address F400 : 6000 . 


This code will set up 




DATASIZ 

EQU 

30H 

;length of required data area 
; can be zero but must be multiple of 16 

; ROMDS 

EQU 

184H 

;for ROM at F400:0000 

; ROMDS 

EQU 

188H 

;for ROM at F400:2000 

; ROMDS 

EQU 

18CH 

;for ROM at F400:4(^00 

ROMDS 

EQU 

192H 

;for ROM at F400 : 6000 

; ROMDS 

EQU 

196H 

;for ROM at F400:8000 (main board) 

t 

CODE 

SEGMENT 

AT 0F400H 



ASSUME 

CS : CODE 



ORG 

6000H 



; ROM HEADER 



DW 

2048 

; ROM size 



DW 

ENTRY 

;entry point address 



DB 

MSGLEN 

“message length 


MSGBEG 

DB 

ODH , OAH 

carriage return, line 

feed 


OB 

• VI . 2 3 XMPROM, 

;version, 6-character 

name , 



example ROM 

message 



DB 

ODH, OAH 

:carriage return, line 

feed 

MSGLEN 

EQU 

$-MSGBEG 




ENTRY POINT FOR POWERUP CODE 



ENTRY 

PUSH 

BX 

; save important registers 


PUSH 

DX 

f 


PUSH 

SI 

/ 


PUSH 

DS 

t 

f 

; ALLOCATE OPTION ROM DATA 

AREA IN RAM 

t 

XOR 

AX . AX 

;setup segment to point 


MOV 

DS , AX 

; to vector area 


MOV 

BX , 180H 

;check for RAM in use starting 




; with system area 


MOV 

AX , [ BX] 

;get segment address for ROM 


MOV 

CL , 4 

;convert to absolute address 


SHL 

AX ,CL 

/ 

ENTOO : 

ADD 

AX , [ BX+2 ] 

;add in length of segment 


ADD 

BX , 4 

;point to next ROMS RAM seg pointer 


CMP 

BX , ROMDS 

;Q: is this the pointer for my ROM? 


JNZ 

ENTOO 

; N: continue adding up RAM usage 


SHR 

AX , CL 

; Y: convert address to segment 


MOV 

[BX] , AX 

: store my segment address 


MOV 

[ BX+2 3 , DATAS IZ ; and the segment length 

; SET 

UP MY DS 

AS REQUIRED 

TO MY DATA AREA. THIS CAN BE DONE 

; EACH 

TIME THIS ROM IS CALLED. 
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TECHMICAL REFERENCE 


BOOT ROUTINE AND SAMPLE ASSEMBLY CODE 


MOV DS,CS:(WORD PTR ROMDS +OCOOOH ) 

. ;additional init coed as required 


POP 

DS 

;retrieve the calling ROMS 

POP 

S I 

f 

POP 

DX 

t 

POP 

BX 

t 

ORG 

6000H+2048-2 

;address for the ROM CRC 

DH 

ROMCRC 

t 

ENDS 



END 
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TECHNICAL REFERENCE 


SAMPLE INTERRUPT SERVICE ROUTINE 


Appendix H 

SAMPLE INTERRUPT SERVICE ROUTINE 

An ISR example, with the appropriate routines to install and remove it, 
follows. The source of the common interrupt exit routine and the code 
to count the number of outstanding interrupts (INTCTR) are also given. 
Using this code is not mandatory, but is recommended to maintain future 
compa tibility. 


H-1 



TECHNICAL REFERENCE 


SAMPLE INTERRUPT SERVICE ROUTINE 


Example 1 


SAMPLE INTERRUPT SERVICE ROUTINE - (RAM-based; for ROM-based 
code, the local data area would have to be in a separate DS ) 


INTSEG 

SEGMENT 

BYTE PUBLIC 

; Segment declaration 


ASSUME 

CS ; INTSEG 


; Local constants: 


/ 

INTNUM 

EQU 

46H 

Interrupt number (example) 

STKSIZ 

EQU 

30 

Size of local stack, including 


- • 

■ - 

space required to save any 
registers used. 

DSADDR 

equ 

180H 

Offset of pointer to System 
ROM’s DS (Segment = 0000) 

INTCTR 

EQU 

19AH 

Offset of outstanding interrupt 
counter (Segment = 0000) 

t 

; Local data 

storage: 


t 

DATSEG 

DW 

0000 

If it is necessary for the 
interrupt service routine 
to access a certain DS , it 
should be set up in this 
variable when the interrupt 
vector is initially installed 

t 

VECSAV 

DW 

0000 

Save area for original vector 


OR 

0000 

(It must be restored when the 
user application finishes) 

f 

STKSAV 

DR 

DR 

0000 ; 
0000 

Location to save stack pointer 

t 

DR 

STKSIZ-i-4 DUP (?) 

The local stack. STKSIZ should 

be the size (in words) of the 
service routine’s stack. The 
’+4’ is to allow stack space 
for the service routine to be 
interrupted by a higher- 
priority interrupt. 

INTSTK 

LABEL 

RORD 

Top of stack 
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TECHNICAL REFERENCE 


SAMPLE INTERRUPT SERVICE ROUTINE 


Example 2 


The actual ISR - the appropriate hardware interrupt vector is 
set up by the installation routine to point to this routine. 


INTSRV PROC FAR 

; In the case of shared interrupt levels, any de t ermi na t i on of 
; which device caused the interrupt should be placed here, 

; before the local stack swap- Mote that this routine can ’ t 
; use any registers or stack (if it does, it must be moved 
; to some point after the s tack swap) • 


PUSH 
MOV 
MOV 
MOV 
MOV 
MOV 
PUSH 
XOR 
MOV 
INC 

Insert code to reset the cause of the interrupt 


STI 


; Safe 

to re-enable interrupts now 

PUSH 

BX 

; Save 

rest of the environment 

PUSH 

CX 

; ( The 

user need save only those 

PUSH 

DX 

; registers actually used in 

PUSH 

DI 

; his 

particular ISR) 

PUSH 

SI 



PUSH 

BP 



PUSH 

ES 



MOV 

DS ,CS : DATSEG 

; Set up local DS from value 


saved during installation. 


Insert specific interrupt processing logic here 


DS ; Save DS on interrupted’ stack 

CS :STKSAV+ 2 ,SS ; Save current SS & SP 
CS :STKSAV,SP 

SP,CS ; Stack segment = local Code Seg 

SS,SP ; 

SP, offset INTSTK; SS:SP = Local interrupt stack 

AX ; Save AX 

AX, AX ; Ax = 0000 

DS,AX ; Point to vector area 

DS:(byte ptr INTCTR) ; Increment interrupt counter 


H -3 



TECHNICAL REFERENCE 


SAMPLE INTERRUPT SERVICE ROUTINE 


Exit logic 


POP 

E5 



POP 

BP 

t 

Restore envi ronmen t 

POP 

SI 



POP 

DI 



POP 

DX 



POP 

CX 



POP 

BX 



CLI 


t 

Disable interrupts 

MOV 

AL,20H 

t 

Reset 8259 interrupt controller 

OUT 

18H, AL 



XOR 

AX , AX 

t 

AX = 0000 

MOV 

DS , AX 

t 

Point to vector area 

DEC 

DS:(byfe ptr IMTCTR) ; Decrement interrupt counter 

POP 

AX 



MOV 

SS ,CS :STKSAV+2 

t 

Restore original SS:SP 

MOV 

SP , CS : STKSAV 

9 


POP 

DS 

9 

Restore original DS 

IRET 


9 

'k'k INTERRUPT RETURN 


f . 

INTSRV ENOP 

u 
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TECHNICAL REFERENCE 


SAMPLE INTERRUPT SERVICE ROUTINE 


Example 3 


Interrupt service routine INStallation routine 


INTINS PROC 
PUSH 
PUSH 
PUSH 
MOV 


NEAR 

AX 

BX 

DS 

CS : DATSEG , DS 


Set up CS-relative pointer to 
the local DS ~ This is 
necessary because the only 
reference the ISR has when 
it is invoked is the CS . 


Patch the interrupt vector to point to the Interrupt Service 
Routine, saving the original vector. This illustrates the 
'brute force' method of setting and getting vectors. Most 
8088 Operating Systems (e.g. MS-DOS) have system calls to 
accomplish this feat. Their use is preferable, because some 
Operating Systems attempt to arbitrate vector usage. 


XOR 

AX 

, AX 

; Clear AX 

MOV 

DS 

, AX 

; DS <-- 0000 

CLI 



; Protect the vector operation 

Pick up 

original vector 


MOV 

AX 

, DS : ( wor d p t r 

( INTMUM*4) ) 

MOV 

BX 

, DS : ( word p t r 

( IMTNUM:fr4+2) ) 

Save original 

vector in local save area 

MOV 

CS 

: VECSAV, AX 


MOV 

CS 

: VECSAV-»-2 , BX 


Ins tall 

vec tor 

to In t err up t 

Service Routine 

MOV 

DS 

:(word ptr ( INTMUM*4) ) , of f se t INTSRV 

MOV 

DS 

:(word ptr ( INTNUM*4+2) ) , CS 

STI 



; Interrupts OK again 

POP 

DS 



POP 

BX 



POP 

AX 



RET 



; icicic RETURN 

NS ENDP 
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SAMPLE INTERRUPT SERVICE ROUTINE 


Example 4 


Interrupt Service Routine REMoval routine 


INTREM PROC NEAR 

PUSH AX 

PUSH ax 

PUSH DS 

XOR AX, AX 

MOV DS , AX 

CL I 

r 

; Get original vector from local save area 

t 

MOV AX,CS:VECSAV 

MOV BX,CS : VECSAV+2 


Clear AX 
DS <“•“ 0000 

Protect the vector operation 


Restore original vector 



MOV 

DS : (word 

ptr 

( IMTMUM*4) ) , AX 


MOV 

DS : (word 

ptr 

( IHTHUM*4+2) ) , BX 


STI 



; Interrupts OfC again 


POP 

DS 




POP 

BX 




POP 

AX 




RET 



; *** RETURN *** 

INTREM 

ENDP 




INTSEG 

ENDS 





END 
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SAMPLE INTERRUPT SERVICE ROUTINE 


This is the source for the common interrupt exit routine as it exists 
in ROM. Any other common exit routine installed here will perform an 
identical function. The user should use this exit if the installed 
interrupt service routine will be running concurrently with a real-time 
Operating System (for instance, during the execution of any of the TI 
communication packages) . 

Example 5 


Common Interrupt Exit logic 

INf'UT: ES:BX = SS:SP of the interrupted code 

Interrupt stack contains saved ES,BX,AX ( £S at top 
of stack) 

' Stack of inter-rupted code contains saved DS 


ROMDAT SEGMENT BYTE PUBLIC 

EXTRM IXSSSVrWORD ; Temporary stack pointer save 

EXTRN IXSPSV: WORD 
ROMDAT ENDS 

ROMCOD SEGMENT BYTE PUBLIC 

ASSUME CS: ROMCOD, DS : ROMDAT 

r 

INTXIT PROC 
CLI 
MOV 
OUT 
DEC 


MOV 

MOV 

MOV 

POP 

POP 

POP 

MOV 

MOV 

POP 

IRET 

INTXIT ENDP 

f 

ROMCOD ENDS 
END 


AL , 20H 
18H , AL 
CS : (byte pt 


DS ,CS : (word 

IXSSSV , ES 

IXSPSV, BX 

ES 

BX 

AX 

SS , IXSSSV 
SP , IXSPSV 


; Disable interrupts 
; Reset 8259 interrupt controller 

r INTCTR-^OCOOOH) ; Decrement interrupt 

; counter (remember, this is in 

; ROM, so access to the vector 

; area is CS-relative) 

ptr DSADDR^OCOOOH) ; Get ROM’s DS 
; Save SS,SP of original code 

; Restore commonly used registers 
; from interrupt stack 

; Restore original SS,SP 

; Restore DS from original stack 
; 'k’k'k INTERRUPT RETURN -k** 
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ASSEMBLY DRAWINGS AND LISTS OF MATERIALS 


Section 4 

ASSEMBLY DRAWINGS AND LISTS OF MATERIALS 

This section contains assembly drawings and lists of materials 
applicable to the Texas Instruments Professional Computer. 

TITLE TI DRAWING PAGE NO. 


Motherboard Assembly 

2223003 

4-3 

Alphanumeric CRT Controller Board 

2223009 

4-12 

Option RAM Board 

2223015 

4-18 

Power Supply Assembly 

2223037 

4-23 

Main Enclosure 

2223038 

4-27 

System Assyi Domestic 

2223050 

4-31 

System Assy > International 

2223051 

4-37 

Graphics Video Controller 

2223061 

4-43 

Elecrtical Pin Conf i guration 

2223082 

4-48 

Sync-Async Comm Bboard 

2223094 

4-52 

Cab 1 6/ Paral 1 el Printer 

2223106 

4-55 

Cable< Video Monochrome 

2223105 

4-58 

Joystick Board 

2223085 

4-62 

Option Kitf RAM Chips 

2223099 

4-63 

Keyboardf Low Profile 

2230528 

4-64 


Drawings not availab le 

in time 

for printing 

Color Di splay Unit 


2223219 

Winchester Disk Controller 

2223220 

Parallel Test Plug Assembly 

2223276 

PWB, Parallel Test Plug 


2223277 

Configuration* Diskette 

Drive 

2223279 

Power Cord AC 


0996289 

Communications Loopback 

Plug 

2207985 


Texas Instruments 
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11/24/82 


LIST OF MATERIALS 


PART 'DUMBER REV 

2223003-0001 F 

nrscRiPTinN.. 

MOTHrROOAPD - PFGASUS 


1 TP M 

ni MM T T T V 

rnMDnMPMT 

nf=«:r p T pt i hm 

UM 

0060A 



CRl 

072619-550-0406 


00T8 

00001 .000 

0972227-0014 

RESISTOR f lOOK VARI ABLE-CFRMFT FLEMENT 
03299T-3292W-1-104 

FA 

00T8A 



R17 

032997-3292W- 1-104 


0079 

00001.000 

0972227-0013 

RESISTOR, 50000 OHM, 72-TURN TRIMMER 
SFF TI- DRAWING 

EA 

0079A 



R 1 8 

SEE TT- DRAWING 


0080 

00001.000 

0972227-0009 

RES, VAR, 5000 OHMS, 1/2 WATT, CERMET 
032997-329 2W-1-502 

FA 

oonoA 



R19 

03299T-3292W-1-502 


0083 

00001 .000 

0972927-0025 

CAPACITOR, 82PE 500V 5^ FIX, MICA DIE! FCTR 
MIL -CMRO5E820-JOD 

EA 

0083A 



C5 

MIL -CMR05E820-JOD 


0089 

00001.000 

0972763-0021 

CAP., FIXED, AXIAL LEAD, .047 UF , «-805^,- 20T 
1632-0000-000 

FA 

0089A 



Cll 

1632-0000-000 


0090 

00001.000 

2211700-0002 

CAP, 220UE, 6.3V, 20^? 
SEE Tl- DRAWING 

EA 

0090A 



Cl? 

SEE TI- DRAWING 


0093 

00002.000 

2211878-0002 

TRANS,MPS6602fNPN,COHPLFHFNTRY DRIVFR 
SFF Tl- ORAHING 

FA 

0093A 



QlfQ2 

SEE Tf- DRAWING 


0095 

00002.000 

0532348-0401 

STUD, EXTENSION-CRES 

EA 

0096 

00002.000 

0977446-0013 

RIVET,. 116 DIA 5/16 LG DOME HD ALUM 
-000 

EA 

0097 

00001 .000 

2223036-0001 

PLATE, KEYBOARD PLUG 
1678-3036-009 

EA 

0098 

0C004.000 

0972487-0001 

JUMPER PLUG, CONNECTOR BLACK 
5935-0900-000 

EA 

0100 

00001. oco 

0994396-0001 

PROC., SITE/DATE CODE AND SERIALIZATION 

EA 

0101 

00001.000 

0215728-0125 

TAB TIN PL BR5 STUD OIA.130X.032 THK 
AMP -42822-2 

EA 

0103 

00001 .000 

0972537-0004 

LED, YELLOW, RT ANG PCR MTG, 2 . 3V, 5. OVR 
SEE TI- DRAWING 

EA 

0103A 



CR2 

SEE TI- DRAWING 


0104 

00001.000 

0972537-0002 

DIODE, LED GREEN RT ANGLE 
072619-550-0206 

EA 

0104A 



CRl 

072619-550-0206 


0110 

REF 

2223270-0001 

SPECIFICATION,UNIT TEST-MOTHERBOARD 

FA 

Oil 1 

00001.000 

0411100-0070 

LOCKWASHER #4 INTERNAL TOOTH CRES 
QPL - MS35333-70 

EA 

0113 

AR 

0411435-0408 

TAPE, INSULATION, ELECT. 1/4 IN 
MMM - 56-1/4 

RL 

0114 

AR 

0415804-0005 

SEALING COMPOUND, ANAEROBIC-BLUE GRADE C 

OT 

0999 

00001.000 

2223003-5001 

MOTHERBOARD - PEGASUS - AUTO INSERT 
1254-3004-005 

FA 

9999 

00001.000 

0239999-9999 

COST, SHRINKAGE 

EA 



^ ^ LIST OF MATERIALS 

11/24/02 


PART NIinOER REV PESCRIPTinN 

2223003-5001 F MnTHEROOARO - PEGASUS - AUTO INSERT 


ITEM . 

QUANTITY, 

COMPONENT.. 

DESCPIPTION..... 

UM 

0001 

OCOOl .000 

2223004-0001 

PWB MOTHERBOARD 
1660- «000 

EA 

0003 

00001.000 

2220419-0001 

IC, MICROPROCESSOR »CPU 
SEE TI- DRAWING 

EA 

0003A 



Ul 

SEE TI- DRAWING 


0005 

00001.000 

2220424-0001 

ICtHICROPROCESSOP RUS CONTROLLER 
SEE TI- DRAWING 

EA 

0005A 



U3 

SEE TI- DRAWING 


0006 

00001.000 

2220414-0001 

ICfTTLfCLOCK GENERATOR AND DRIVER 
SEE TI- DRAWING 

EA 

0006A 



U4 

SEE TI- DRAWING 


000 7 

00003.000 

2210720-0001 

IC,LS373, OCTAL D-TYPE LATCHES 
V-LIST-LS373 BURN-IN 

FA 

000 7A 



U5,U6»U7 

V-LT ST-LS373 BURN-IN 


0008 

OOOO^f.OOO 

2210702-0001 

IC,LS273»OCTAL,D-ELIP-ELOP W/CDM CLOCK 
V-LIST-LS273 BURN-IN 

EA 

0008A 



U47,U49tU50,U51 
V-LIST-LS273 BURN-IN 


0010 

00001.000 

2220435-0001 

IC» PROGRAMMABLE INTERRUPT CONTROLLER 
SEE TI- DRAWING 

EA 

OOlOA 



U46 

SEE TI- DRAWING 


OOU 

00001.000 

2220412-0001 

IC.USART, PROG. COMMUNICATION INTEREFRFNCE 
SEE TI- DRAWING 

EA 

OOllA 



U44 

SEE TI- DRAWING 


0012 

OOOOl .000 

2220626-0001 

IC,MOS, 16-BIT PRGMBL INTERVAL TIMER 
SEE TI- DRAWING 

FA 

0012A 



U45 

SEE TI- DRAWING 


0015 

00001.000 

2210653-0001 

IC,LS138,3-TO-8 LINE DECODFR 
V-LTST-LS13B BURN-IN 

FA 

0015A 



U55 

V-LTST-LS138 DURN-TN 


0016 

OOOOl .000 

2210654-0001 

IC»LSl39tmfAL 2-T0-4 LINE DECODER 
V-LIST-LS139 BURN-IN 

EA 

0016A 



U53 

V-L I ST-L S 1 39 BURN- 1 N 


0017 

OOOOl .000 

2223052-0002 

ROM, SYSTEM DECODE HAL12L6 

EA 

001 7A 



U54 


0018 

00000.000 

2211984-0007 

ICf OMPAL 12L6NC 
SEE TI- DRAWING 

EA 

OOlOA 



♦U54, ALTERNATE FOR ITEM 17 
SEE TI- DRAWING 


0019 

OOOOl .000 

2211102-0001 

ICfF4071BPCQR,QUAD,2-INPUT,4071-BURM-IN 
SEE TI-DRAWING 

EA 

0019A 



U58 

SEE TI-DRAWING 


0020 

00002.000 

0972141-0057 

NETWORK, RES. 4.7 K OHM 2 % 14 PIN DIP 
BEC - 899-1-R4.7K 

EA 

0020A 



U60,l)66 

BEC - 899-1-R4.7K 


0021 

OOOOl *000 

2220445-0001 

ICfOYNAMIC MEMORY CONTROLLER 
SEE TI- DRAWING 

EA 

0021 A 



U27 

SEE TI- DRAWING 


0022 

OOOOl .000 

2223053-0001 

ROM, MEMORY CONTROL, HAL16R4A 

FA 


1669- -000 


4-7 




4-8 





LIST OF MATERIALS 


PART NUMBER REV 

22230(73-5001 F 

nFSCRIPTION........ 

MOTHFRnOAP.D - PCGASUS - AUTO I»JSrRT 


ITFM. 

00A6 

QUANTITY. 

00002.000 

COMPONENT.. 

2211126-0001 

nr <;r R t pit dm 

UM 

IC, IK X A BIT STATIC PAM 
-000 

FA 




00A6A 



U17,U18 

-000 


00A7 

OOOOI .000 

0972999-4040 

NETWORK 4040 

FA 




-SEE TI DRAWING 


OOA7A 



Ull 





-SEE TI DRAWING 


00^8 

00001 .000 

221066 7-0001 

IC,LS163f SYNC 4-BIT BINARY CNT, SYNC Cl R 
V-LIST-LS163 BURN-IN 

FA 

004 8 A 



U20 

V-LTST-LS163 BURN-IN 


0049 

00002.000 

0222222-7416 

NETWORK SN7416N 

FA 




-SN7416N 


0049A 



U2 3, U24 





-SN7416N 


0050 

00001.000 

221 1059- 0001 

IC,7407N3,HEX/BUr/nVP,BURN-IN 
SEE TI- OR AWING 

FA 

0050A 



U26 

SEE TI- DRAWING 


0051 

00002.000 

2210694-0001 

IC.LS244, OCTAL BUF/LINE ORl VER/RECEI VER 
V-LIST-LS744 BURN-IN 

FA 

0051A 



U25,U4R 

V-LIST-LS244 BURN-IN 


0052 

OOOOI .000 

2210604-0001 

IC,LS04,MEX INVERTERS 
V-LIST-LS04 BURN- IN 

EA 

0052A 



UlO 

V-LIST-LS04 BURN-IN 


005 3 

00001 .000 

221072 7-0001 

IC,L5393fDUAl,4-BfT BINARY COUNTER 
V-LTST-LS393 BURN-IN 

EA 

005 3 A 



U56 

V-LIST-LS393 BURN-IN 


0055 

00001.000 

0222225-2311 

NETWORK LM3UN»SN72311P 
SEE - TI DRAWING 

EA 

0055A 



U64 

SEE - TI DRAWING 


0056 

00001.000 

2211349-0001 

ICf SN75189AN3, QUAD LINE RECEIVERS 
SEE TI- DRAWING 

EA 

0056A 



U57 

SEE TI- DRAWING 


005 7 

CCOOl.OOO 

0996304-0001 

ICfLM336,AMPLf PWRf AUDIO 

FA 

0057A 



U59 


0061 

00004.000 

0972946-0089 

RES FIX lOK OHM 57 . 25 W CARBON FILM 
1640-2132-000 

EA 

0061A 



R10,R11,R34,R6 

1640-2132-000 


0062 

00005.000 

0972946-0081 

RES FIX 4.7K OHM 5 7 .25 W CARBON FILM 
ROH - R-25 

EA 

0062 A 



R7»R8fR40,R4UR37 
ROH - R-25 


0063 

00003.000 

0972946-0085 

RES nx 6.8K OHM 5 7 .25 W CARBON FILM 
ROH - R-25 

EA 

0063 A 



R26,R27,R28 
ROH - R-25 


0064 

00003.000 

0972946-0057 

RES FIX 470 OHM 5 7 ,?5 W CARBON FILM 
ROH - P-25 

EA 

0064A 



R23,R24»R25 
ROH - R-25 


0065 

00004.000 

0972946-0065 

RES FIX l.OK OHM 57 .25 W CARBON FILM 

EA 


ROH - R-25 
R4tR21»R3B,R43 
ROH - R>-2*5 


0065A 



ll/2'i/82 


LIST OF MATERIALS 


PART NUWOFR RFV 

DFSCPIPTION.... 



P2230D3 

-5 001 r 

MOTHrRBOARB - PERASUS - AUTO INSFRT 


ITFM. 

QUANTITY, 

CnMPONFNT,. 

nESCRIPTION !IM 

0057 

OOOCl ,000 

0972946-0017 

RPS 

EIX 10.0 OHM 5 7 .25 W.CAPRON ETLM 

FA 




ROM 

- R-25 


0067A 



R22 






ROM 

- R-25 


0060 

00003.000 

0972946-0105 

RP5 

FIX 47 K OHM 5 X .25 U CARBON FILM 

EA 




ROM 

- R-25 


0068A 



R13, 

RU.R20 





ROM 

- R-25 


0069 

OOOOl ,000 

0972946-0037 

RES 

FIX 68.0 OHM ■> r, .28 H.CAPRON FILM 

FA 




Rnn 

- R-25 


0069A 



R15 






ROM 

- R-25 


0070 

00003.000 

0972946-0072 

RES 

FIX 2. OK OHM 5 T .25 W CARBON FILM 

EA 




POM 

- R-25 


0070A 



R5,R3,R39 





ROM 

- R-25 


0 071 

00001.000 

0539370-0364 

RES 

FIX FILM 604 OHM IX .25 WATT 

FA 




COR 

- NA55 


0071 A 



R12 






COR 

- NA55 


0072 

00008.000 

0972946-0045 

RES 

FIX 150 OHM 5 .25 W CARBON FILM 

EA 




SEE 

TI- DRAWING 


0072A 



R2«J, 

R30,R31,R32 





SEE 

TI- DRAWING 


0072 B 



R43, 

R44,R46,R47 





SEE 

TI- DRAWING 


0 073 

00002,000 

0972946-0058 

RES 

FIX 510 OHM 5 t .25 W CARBON FILM 

EA 




ROM 

- R-25 


0073A 



Rl,R2 





ROM 

- R-25 


0074 

OCOOl .000 

0972946-0049 

RES 

FIX 220 OHM 5 X Vf CARBON FILM 

FA 




ROM 

- R-25 


00 74 A 



R33 






ROM 

- R-25 


0075 

OCOOl.OOO 

0972934-0010 

DinnE,lN755A 7. 5 V 5% SR VOLT REG 

PA 




QPL 

- IN755A 


0075A 



CP.4 






OPL 

- IN755A 


0076 

00001.000 

0539370-0465 

RES 

FIX FILM 6.81K OHM IX .25 WATT 

EA 




COR 

- NA55 


0076A 



R35 






COR 

- NA55 


0077 

00001.000 

0539370-0441 

RES 

FIX FILM 3.83K OHM IX .25 WATT 

EA 




COR 

- NA55 


0077A 



R36 






COR 

- NA55 


0081 

OOOOl .000 

0972757-0019 

CAPf 

FIXED CER 3300PF 103: 50V 

EA 

0081 A 



C3 



0082 

OCOOl .000 

0418356-2353 

CAP 

FIX 0.68 MF 50V 10"T TANTALUM SOL 10 

EA 




qPL 

-M39003/1-2353 


0082A 



C4 






QPL 

-M 39003/1-2353 


0084 

00001.000 

0972757-0009 

CAP 

FIX CFR 6T0PF 105 50V 

EA 

0084A 



C8 



0085 

00001.000 

0972924-0021 

CAP 

FIX TANT SOLID 1.0 MFD 10 5 BO VOLT 

EA 




OPL 

-M39003/1-2356 


0085A 



C2 






QPL 

-M39003/1-2356 


0086 

00001.000 

0972757-0043 

CAPACITOP,,l5PF,10T,50HVnC,crRAHTC 

EA 




SEE 

TT- DRAWING 
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I 

Fo 


NOTES UNLESS OTHERWISE SPECIFIED 

m MAXIMUM COMPONENT NIEGNT ABOVE 

— THE BOARD SHALL BE- 9.6 

fFl MAXIMUM LEAD LENGTH BELOW THE 

— BOARD SHALL BE 2.3 

iFi MARK APPROPRIATE REVISION LETTER 

— IN SPACE INDICATED PEP PROCESS 3 

\Ai MARK SITE DATE CODE AND SERIAL 

— NUMBER IN SPACE INDICATED PER ITEM 
A A PARAGRAPH 4.0 AND PROCESS 3 

5. CAUTION THIS ASSEMBLE AND CERTAIN 
COMPONENTS ARE SUSCEPTIBLE TO 
DAMAGE FROM ELECTROSTATIC DISCHARGE. 
OPERATOR AND EQUIPMENT GROUND AND 
PACKAGE IS REQUIRED. STATIC SENSITIVE 
COMPONETS ARE : Ut THRU USR, VI AND Q! 

[i'l WIRE FROM VIDEO JACK (ITEM SB) MUST 

ATTACH TO J43 AS SHOWN PER PROCESS 2 


0 AS FOLLOWS: REWORK REQUIRED FOR PWB 
REV AND "A- AND 'S - 

(TA) ON COMPONENT SIDE, CUT ETCH CONNECTED 
TO Uia PIN 1 

(IB) ON CONDUCTOR SIDE, CUT ETCH CONNECTED 
TO U21 PIN I 

(7CJ USING (ITEM 95) JUMPER UH PIN 1 TO THE 

FEED THRU BELOW U21 AS SHOWN (COMP SIDE) 

(ID) USING (ITEM 95) JUMPER FROM UZl PIN / 

TO U39 PIN I (COMP SIDE) 

(IE) PLACE MVLAR TAPE (ITEM 9£>) ON BOTTOM OF 
CONNECTOR (ITEM 4!) AS INDICATED 

(IF) MARK NUMBER "2" IN SPACE INDICATED PER 
PROCESS 3 (COND SIDE) 

(7G) ADD JUMPER ITEM 95 FROM C2 TO J4t 

PINS 19 AND 20 AS INDICATED (COND SIDE) 

(7H) MARK PUB MTU (£) ON CONDUCTCX9 SIDE NEXT TC 
BOARD NUMBER 


\a\ BEND TAB (ITEM 561 45’’ FROM OPTION 
PLATE (ITEM S3) ^5 INDICATED 
[ij REMOVE AND DISCARD 2 PANHEAD SCREWS 
— INSTALLED IN (ITEM 4!) PRIOR TO ASSEMBLE 
fwi APPLV ITEM 103 (LOCTITE C SEALANT) TO , 
TO ENDS OF ITEM !00 (STUDDED STANDOFF) 
AFTER INSTALLATION 


2223009 


REVISIONS j 

WV 1 DCSC«PTX>. 1 D*n j 

APPROVED 1 

£ 1 CN 50ZI8C> (3) E, D^Leo^ | 1 

Mv tvJi 1 

(!) REDRAWN PER ENGINEERING REDESIGN j 

1 r 1 CN S02/7S (D) CSi^u j i.-a-st | 


(!) L/m UPDATE (Z)SHZ ¥ B-2 DELE /T'S 
(Z) FID ADD NOTE TAf 

64. ( £5 







Hit utt«. «a« 


«« I «* lUM i«« tur «« ,«* “«Si, 

psDsOsD'DfD'O' 

|.SD>5 « s 

CD'DlO'O'D'D'OiW 


iwt IB» Ul 


cz> cp c=> 

= 1 = 


'0 “D'd;«' 

■y ' 0=1 



E 


2223009-500! 

ALPHA CRT CONTROLLER. AUTO INSERT 

2223009-000! 

ALPHA CRT CONTROLLER 

PART NUMBER 

DESCRIPTION 


MARK 

SLDR 

SLDR 


902-01 
127 ~01 
124 ^02 


HOT 1.5 CLR WHT (CAT 4) 

HAND SOLDER 

WAVE SOLDER 


mm 


REV 

LEVEL 

BLOCK 


TEST SPEC 

2223271-0001 K 

in 


□ 


□ 


□ 


ASSEMBLY 

2223009-000! £ 



□ 


p 


J 

. 

PWB 

2223010-0001 Ifl 


t 

r 






DIAGRAM 

22230! t -OOO! |A 

E 

r 

t 






mv 






E 

E 



Ml 










222305 ! 

8755 

2223050 

8755 

ASSY 

USED ON 

APPUtC 

ATION 






MUTE BIEHL &S-32 


^AX McCORD 6.-IO-8t 

• WM^McCOPD C.-/0-6i 


^J^^Texas Instruments! 


J. CAPANiNt^ 
BRtDGEN b-IO-6Z 


d/KE R. . 


SI-METRIC 


ALPHA CRT CONTROLLER 


IBHUUmU! 

□1066681 2223009 

^ NONE\ ' 


4 320 


\LMlCC 1 
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COMPONENT SIDE 


A 







11/2'f/a 


TERIALS 


PART NUMB PR RPV 

nrscPiPTTON 


2223009- 

•0001 F 

ALPHA CRT 

CONTRnUFR 


ITFM, 

OIIANTITY. 

COMPONFNT.. 

DFSCRIPTinM 

UM 

0002 

RFF 

222301 l-OOOl 

lOGICtDIAGRAM, ALPHA CRT CONTROLLFR 

FA 

0025 

OOOOUOOO 

22 10 72 7-- cool 

IC,LS393,DUAL,4-niT BINARY COUNTFR 
V-LIST-LS393 BURN-IN 

EA 

0025A 



U3B 

V-LIST-LS393 BURN-IN 


002T 

00001.000 

2210835-0004 

CRYSTALtlB MHZfHC-18/U WITH GNO LFAO 
SFF TI- DRAWING 

EA 

0027A 



Y1 

SFF TI- DRAWING 


0028 

00001.000 

2211878-0002 

TPANSfMPS6602»NPN,COMPLFMFNTRY ORIVFR 
SFF TI- DRAWING 

EA 

00 28 A 



Ql 

SFF TI- DRAWING 


0038 

00002.000 

0418356-2305 

CAPACITOR, TANTAUjM,6.8UF, 207%, 35V 
SFF Tf- DRAWING 

FA 

0038 A 



C2,C3 

SFF TI- DRAWING 


0041 

COOOl .000 

22?0AR.'l-0001 

C0MNECTnR,RECEPTACLF,PCB,9-PTNS 
SFF TI- DRAWING 

FA 

0041 A 



J40 

SFF TI- DRAWING 


0043 

00001.000 

2210970-0005 

CONN. 22-P0S.,PC BD, SINGLF ROW, .100 CNT 
SFF TI- DRAWING 

EA 

0043A 



J41 

SFF TI- DRAWING 


0044 

RFF 

0994396-9901 

PPnCFDURF,SITF C DATE CODE SEP! ALI ZATION 

FA 

0045 

OCOOl .000 

221 1047-0002 

CONNECTOR, RECFPTACl E, 2-ROW, 11-POSITTON 
SFF TI- DRAWING 

EA 

0045 A 



J42 

SEF TI- DRAWING 


0046 

00002.000 

0972446-0012 

RTVFT,.116 DIA 3/16 LG DOME HD ALUM 

EA 




-75021-0406 


0053 

00001.000 

2223033-0003 

PLATE, OPTION BOARD, 9-POSl TI ON 
1678-3333-007 

EA 

0056 

00001.000 

2220629-0001 

AUDIO JACK, PANEL MMTNG,ROUND BASF,. 185” 
1254- -000 

EA 

0057 

AR 

0935172-3483 

WIREfUL 1430/3317, ?2AWG,GRA/YEL 
1650-0000-000 

FT 

0095 

AR 

0996563-0001 

WTRE,30AWG SOLID, KYNAR, INSULATED, BROWN 
07U24-BR212/1-30- 

FT 

0096 

AR 

0411435-0408 

TAPF , INSULATION ,FLFC T. 1 /4 I N 
MMM - 56-1/4 

RL 

0097 

00001.000 

0411100-0074 

LOCKWASHFR 1/4 INTERNAL TOOTH CRFS 
QPL - MS35333-74 

FA 

0098 

AR 

0996069-0003 

ADH,SnLlO,THRMPLSTC 25A BAG ANAEROBIC 
PFRSAL -917-6302 

FA 

0099 

COOOl .000 

2211540-0001 

FOAM, .35X.50X.05,POLY, ADHESIVE BACKED 
SEF TI- DRAWING 

FA 

0100 

00002.000 

0532340-0401 

STUD, EXTENSION-CRFS 

EA 

0101 

00002.000 

0411100-0070 

LOCKWASHFR #4 INTERNAL TOOTH CRES 
QPL - MS35333-70 

EA 

0102 

RFF 

2223271-0001 

SPECIFICATION, UNIT TEST-ALPHA CRT 

FA 

0103 

AR 

0415804-0005 

SEALING COMPOUND, ANAEROBIC-BLUE GRADE C 

QT 

0999 

00001.000 

2223009-5001 

ALPHA CRT CONTROLLER - AUTD INSERT 
1254-3010-005 

FA 

9999 

00000.750 

0239999-9999 

COST, SHRINKAGE 

FA 


1 



11/7A/8? 


LIST OF MATERIALS 


PART MUMBFR RBV 
2223009-5001 F 


OFSCRIPTinN 

ALPHA CRT CONTROLLFR - AUTO INSFRT 


ITFM. QUANTITY. 


COMPONE NT . • D F SC R I PT I ON . 


00001 .000 2223010-0001 

00001.000 2220^43-0002 


00002.000 099^952^0005 


00001 .000 2223060-0001 


00001 .000 2223058-0001 


00001 .000 2210660-0001 


00003.090 2210695-0001 


00004.000 2210721-0001 


00003.000 2210764-0001 


00002.000 2210694-0001 


00001.000 2210669-0001 


00003.000 2210662-0001 


00001.000 2210761-0001 


00001.000 2223065-0001 


00002.000 2210631-0001 


00001 .000 2210649-0001 


00001 .000 2210614-0001 


PWBf ALPHA CRT CONTROLLFR FA 

1669- -000 

IC,CRT CONTROLLER, 2 MH7 CLOCK RATE FA 

SEF TI- DRAWING 
U1 

SEE TI- DRAWING 

IC,2K X 8-BTT STATIC RAM, 150NS, PL AST IC FA 

SEF TI- DRAWING 

U2,U3 

SEE TI- DRAWING 

LOGIC ARRAY, HALIOLO FA 

1669- -000 

U4 

1669- -000 

LOGIC ARRAY, HAL16P8 FA 

1669- -000 

U5 

1669- -000 

IC,LS155,DUAL 2-L INF TO 4-1 INF DECODER FA 

V-LIST-LS155 BURN-IN 
U6 

V-LIST-LS155 BURN- IN 

IC, LS245 ,OCT AL BUS, XC TVER , 3ST.0UTPUT EA 

V-LIST-LS245 BURN-IN 

U7,U8,U9 

V-L I ST-L S245 BURN- IN 

IC,LS374, OCTAL D-TYPE FLIP-FLOP FA 

V-L I ST-L S 374 B URN- 1 N 
U10,U11,U14,U15 
V-LIST-LS374 BURN-IN 

IC, S175, QUAD, F/F, DOUBLE RAIL OUTPUT EA 

V-LIST-S1T5 BURN-IN 
U16fU17,U27 
V-LIST-S17 5 BURN-IN 

IC,LS244,0CTAL BUF/LINF DRIVER/RFCET VFR FA 

V-LIST-LS244 BURN-IN 

U12,U13 

V-L I ST-L S 244 BURN-IN 

IC,LS166,8-DIT PARALLFL/SFR I AL INPUT FA 

V-L I ST-L S 166 BURN-IN 

U19 

V-LIST-LS166 BURN-IN 

IC,LS157,0UAD 2-LlNF TO 1-lINF DATA SFLF FA 

V-LIST-LS157 BURN-IN 
U21,U22,U23 
V-LIST-LS157 BURN- IN 

IC,S163, SYNCHRONOUS 4-BIT COUNTER EA 

V-LIST-S163 BURN-IN 

U24 

V-LIST-S163 BURN-IN 

ROM, CHARACTER GENERATOR FA 

-000 

U25 

-000 

IC,LS74,DUAL D FLIP-FLOP W/PSFT t CLR EA 

V-LIST-LS74 BURN-IN 

U28.U29 

V-LIST-LS74 BURN-IN 

IC,LS125,QUAD BUS BUFFER W/3-STATE OUTPU FA 

V-LIST-LS125 BURN-IN 

U30 

V-LIST-LS125 BURN-IN 

IC,LS20, DUAL, 4-INPUT NAND FA 

V-LIST-LS20 BUPM-TN 


4-15 



11/2A/B2 


IVBm 1 iU 8 5 J /ni-U 


PART Nil 

MBER RFV 

DFSCRIPTION... 


2223009 

-5001 F 

ALPHA CRT 

CnNTROlLFR - AUTO INSERT 


ITEM. 

QUANTITY. 

COMPONENT. . 

nFSCRIPTION.... 

UM 

0018A 



U3l 

V-LIST-LS20 BURN-IN 


0019 

00001.000 

2210749-0001 

IC,SR6, QUAD. 2-INPUT FXCLUSIVE OR 
, V-LIST-SB6 BURN-IN 

FA 

0019A 



U32 

V-L IST-S86 BURN-IN 


0020 

OOOOKOOO 

221 0740“ 0001 

IC.SIO, TRIPLE, 3-INPUT POSITIVE AND 
V-LIST-SIO BURN-IN 

FA 

0020A 



U33 

V-L I ST- S 10 BURN-IN 


0021 

00001.000 

2210621-0001 

IC, LS32, QUAD, 2- INPUT OR 
V-LIST-LS32 BURN-IN 

.FA 

0021 A 



U34 

V-LIST-LS32 BURN-IN 


0022 

00001.000 

2210735-0001 

IC, SOO, QUAD, 2-INPUT NAND 
V-LIST-SOO BURN-IN 

FA 

0022A 



U35 

V-LIST-SOO BURN-IN 


0023 

00001 .000 

2210738-0001 

IC, SOA.HEX INVERTERS 
V-L IST-S04 BURN-IN 

FA 

0023A 



U36 

V-LIST-S04 BURN-IN 


0024 

OOOOl .000 

2210604-0001 

IC,LS04,HEX INVERTERS 
V-LIST-LS04 BURN-IN 

FA 

0024A 



U37 

V-LIST-LS04 BURN-IN 


0029 

00001.000 

0972946-0041 

RES FIX 100 OHM B S .25 W CARBON FILM 
ROH - R-25 

FA 

0029A 



R1 

ROM - R-25 


0030 

00001.000 

0972946-0074 

RES FIX 2.4K OHM 5 ?! .25 W CARBON FILM 
ROH - R-25 

FA 

0030A 



R2 

ROH - R-25 


0031 

00002.000 

0972946-0066 

RES FIX I.IK. OHM 5% .25 M CARBON FILM 
ROH - R-25 

FA 

0031A 



R3.R10 

ROH - R-25 


0032 

OOOOl .000 

0972946-0091 

RFS FIX 12 K OHM 5r .25 W CARBON FILM 
ROH - R-25 

FA 

0032A 



R4 

ROH - R-25 


0033 

OOOOl .000 

0972946-0076 

RFS FIX 3. OK OHM 5 T .25 H CARBON FILM 
ROH - R-25 

FA 

0033A 



R5 

ROH - R-25 


0034 

00001.000 

0972946-0084 

RFS FIX 6.2K OHM 5 T .25 W CARBON FILM 
ROH - R-25 

FA 

0034A 



R6 

ROH - R-25 


003*5 

00006.000 

0972946-0081 

RES FIX 4.7K OHM 5 .25 W CARBON FILM 

ROH - R-25 

FA 

0035A 



R7,P8,R9,R11,R14,R16 
ROH - R-25 


0036 

00002.000 

0972946-0057 

RFS FIX 470 OHM 5 T .25 H CARBON FILM 
ROH - R-25 

FA 

0036A 



R12.R13 
ROH - R-25 


0037 

OOOOl .000 

0972757-0009 

CAP FIX CER 470PF lOS 50V 

FA 

0037A 



Cl 


0039 

00014.000 

0972763-0013 

CAP, FIXED .OlOUF 50 VOLTS 
004222-MCI05E1037 

FA j 
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LIST OF MATERIALS 


PART NUI 
222300n 

riBER REV 

-5001 E 

OESCRTPTIt 
ALPHA CRT 

CONTROLLER - AUTO INSERT 


ITFM. 

QUANTITY. 

COMPHNENT.. 

OFSCPIPTION UM 


0039A 



C4,C5,C7,C8»C9,C10fCll,Cl? 

004222-MC105E103Z 


0039P 



C13,C14,C15,C16,C1T,C19 

OO^ZZP-HClOniElOS^ 


0040 

00010.000 

0972763-0025 

CAPAClTORt. lour '50V FXtCFRAMIC niEL 
COR CA-C03Z5U10^Z050A 

FA 

0040A 



C27,C30,C3l,C3?,C33iC3/f 
COR CA-C03Z5UIOAZ050A 


0040H 



C35,C38fC39,C40 

COR CA-C03Z5U104Z050A 


004? 

00002.000 

2210763-0001 

ICf S174»HEX,FLTP-rL0Pf SINGLE RAIL OUTPUT 
V-LIST-S174 BURN-IN 

FA 

0047A 



U1B,II39 

V-LIST-S174 BURN-IN 


0049 

00001.000 

2210759-0001 

IC»S157, QUAD, 2/1 LINE SELEC T/MULTI PLEXER 
V-LTST-S157 BURN-IN 

EA 

0049A 



U20 

V-LIST-S157 BURN-IN 


005 0 

00001,000 

0972946-0079 

RES FIX 3.9K OHM 5 ^ .25 W CARBON FILM 
ROM - R-25 

EA 

0050A 



R15 

ROM - R-25 
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NOTES: UNLESS OTHERWISE SPECIFIED 

MAXIMUM COMPO/JEkJT HEIGHT ABOVE 
THE BOARD SHALL BE n.OO 

MAXIMUM LEAD LEKIGTH BELOW THE 
BOARD SHALL BE 1.73 


m 

a 

0 


MARK APPROPRIATE DASH HUMBER AHD 
REYiSlOH LETTER IH SPACE INDICATED 
PER PROCESS 3 

MARK SITE DATE CODE AHD SERIAL NUMBER 
!kJ SPACE IHDICATED PER ITEM 9 PARAGRAPH 
AHD PROCESS 3 




[Ik. 


CONVERSION CHART | 

mm 

INCHES 

O.EE 

.0/0 

0.0 

.0£ 

!.£ 

.oa> 

/. 7a 

. 070 

n.oo 

.7*8 


CAUTION TH/S ASSEMBLY AHD CERTAIN 
COMPONENTS ARE SUSCEPTIBLE TO DAMAGE 
FROM ELECTROSTATIC DISCHARGE. OPERATOR 
AHD EQUIPMENT GROUND AHD PACKAGE 
IS REQUIRED. STATIC SEHSITIVE COMPONENTS 
ARE : O! THRU URS 

ITEM ^ laE/IIIB'OOO^) IH5TALLED t» WIO THAU XUIB ON M5HZ 
ONLY AND XUIO THRU XU27 ON MS.H 30NLY .150LKET^ NOT 
rOPULATED ON DASH n 


'2^23015 


R E V { S i O N 


P \ LM UPDATE \ 



[... , 



1 5 1 LM UPDATE | 

_ 3a- «L 


1 Cl CN4138IL CD^ " t 


ff. 

ilOLM I74A DES V\AS UlO THRU U17 I 

D 1 CA/ LO) 434-c/' | 

(!) LM UPDATE 

6-5-fcl. 

(A 



L E 1 CM 500S52(D5mQ«*o i 



iniLMUPDATE lE>At)D HOTE6 t 


Q) IS PL ACES 
( a/o - OCT) 


: —CD 

i--E 

! it 


RRM ESPHNSIDN TESHS INSTRUMENTS INCORRORRTED NROE IN U.S.fl. 








j[] =i e =0 

■ S =0 IDijau 





re 


uJ 


-C 


a -nuzipc 




lOs 


*N 


rz2so/s- sao3 
ZZZ30I5- SDOZ 
ZZZ50T£-£OOf 
2EZ30IS - 000 3 

ezzsofs -oooz 

ZZZ301S -OOO! 1 

EtPANhlON RAM (nZK) AUTD /MSER7 
EXPANSION RAM dZB SO PUrO lUSERT 
EXPANSION RAM AUTO INSERT 
EXPANSION RAM (I9R K) 
EXPANSION RAM (IZSK) 
EXPANSION RAM 

PART NO. 

TITLE 
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: LIST OF MATERIALS — — 



1 11/24/82 






PART MUMBFR PfrV 

DFSCniPTION.. 



2223015- 

T TI=M 

0002 F 

mi AMT r TV 

EXPANSION 

rnMrnMi=MT 

RAH U28KI 

npcr. tPTinM- ..... ........... 


UM 

1 1 c n tt 

0007A 



C19 

COR CA-C03Z5U10AZ050A 



0008 

00002.000 

0972924-0018 

CAP FIX TANT SOLID 6.8 MFD 10 X 35 
OPL -M39003/1-230A 

VOLT 

EA 

0008A 



C22.C23 

QPL -H39003/ 1-2304 



0009 

RFF 

099A396-0001 

PROC.. SITE/DATE CODE AND SERIALIZATION 

EA 

0101 

00001.000 

2223015-5002 

EXPANSION RAM tl28K»-AUTO INSERT 
1254-3018-001 


EA 

EA 

9999 

00000.500 

0239999- 9<1 '19 

CnSTf SHRINKAGE 

• 

11/24/B2 






PART NUMRFR REV 

DESCRIPTION 



2223015- 

0003 F 

EXPANSION 

RAH I192K1 



I TEM . 

QUANTITY. 

COMPONENT.. 

DESCRIPTION 

... UM 

0002 

REF 

2223017-0001 

SCHEMATICfEXPANSION RAM 


EA 

0003 

OOOIB.OOO 

2211118-0004 

IC,64K-B1T DYNAMIC RAH,150NS TA/ROW 
TMS 416-4- 15NL 


EA 

0003A 



U10,UII»U12,U13»U14»U15»U16 

TMS416-4-15NL 



000 3 R 



UlT, 018,019,020, 021,022,023 
THS416-4-15NL 



000 3C 



024,025,025,027 

TMS416-4-15NL 



0004 

oooia.ooo 

2210188-0012 

SOCKET, DIP, 15-PlNS, LOW PROFILE 
SEE T -I DRAWING 


FA 

0004 A 



XUlOfXUlif XU12,XlM3f XU14 
SEE T -1 DRAWING 



0004B 



X015,X016,X017,X018,X019 
SEE T -I DRAWING 



0004C 



XU20,XU21»XU22,XU23tXU24 
SEE T -1 DRAWING 



00040 



X025,X025,X027 
SEE T -I DRAWING 



0006 

00001.000 

0972763-0001 

CAPACITOR, .OOlOF 50V EX CERAMIC DIEL 
COR CA-C02Z50102Z100A 


EA 

0006A 



C5 

COR CA-C02Z5UI02Z100A 



0007 

00001.000 

0972763-0025 

CAPACITOR,. lOOF 50V EX, CERAMIC DIEL 
COR CA-C03Z50104Z050A 


EA 

000 7 A 



C19 

COR CA-C03Z50104Z050A 



0000 

00002.000 

0972924-0018 

CAP FIX TANT SOLID 6.8 MFD 10 T 35 
OPL -M39003/ 1-2304 

VOLT 

EA 

OOOBA 



C?2fC23 

QPL -M39003/1-2304 



0009 

REF 

0994396-0001 

PROC., SITF/DATE CODE AND SERIALIZATION 

EA 

0101 

00001.000 

2223015-5003 

EXPANSION RAM fl92K»-A0T0 INSERT 
1254-3020-001 


EA 

9999 

00000.500 

0239999-9999 

COST, SHRINKAGE 


EA 



LIST OF MATERIALS 


11/24/8? 

PART NUfIBFR RFV 

2223015-5001 F 

DFSCPlPTinN... 

FXPANSION RAM -AUTO INSFRT 


ITFfU 

QUANTITY, 

CnMPONFMT.. 

PFSCRtPTTON 

, IJM 

0001 

00001 .000 

2223016-0001 

PWB,FXPANSTON RAO 
1669- -000 

FA 

0003 

0003A 

00000.000 

2211118-0004 

TC,64K-RTT OYNAMTC RAM,150NS TA/ROW 
TMS416-4-15ML 

UlfU2tU3,U4,U5,U6tU7,U8,U9 

TMS416-4-15ML 

FA 

0005 

0005A 

00002.000 

2220360-0002 

ICfOCTAL ORAM DRIVCRt 3-STATF OUTPUTS 

SFF TI- DRAWING 

U28,U29 

SFF TT- DRAWING 

FA 

0006 

0006A 

00009.000 

0972763-0001 

CAPACITOR, .OOlUF 50V FX CFR.AMIC DIEL 
COR CA-C0275U102Z100A 
Cl,C2,C3 ,C4fC6,C7,C0,C9,ClO 
COR CA-C02Z5U102Z100A 

FA 

0007 

0007A 

0007R 

00011.000 

0972763-0025 

CAPACITOR,. lOUF 50V FX, CERAMIC DIFL 
COR CA-C03Z5U104Z050A 
C11,C12,C13,C14,C15,C16,C17 
COR CA-C03Z5U104Z050A 
C18,C20,C?1 

FA 


cm CA“*C03Z5U1047.050A 


11/24/8 





PART NUMBER REV 

2223015-5002 F 

DESCRIPTION... 

EXPANSION RAM (128KI-AUTO INSFRT 


ITEM, 

0001 

QUANTITY. 

00001.000 

CflMPONFNT.. 

7227016-0001 

OFSCR IPT TON. . ’ , 

, U M 

PVm,FXPANSION RAM 
1669- -000 

FA 




0003 

00009.000 

2211118-0004 

IC,64K-B1T DYNAMIC RAM, 150NS TA/RHW 
TMS416-4-15NL 

FA 

000 3A 



U1,U2,U3,U4,U5,U6,U7,U8,U9 

TMS416-4-15NL 


0005 

00002.000 

2220360-0002 

IC, OCTAL ORAM DRIVER, 3-STATF OUTPUTS 
SFF TI- DRAWING 

FA 

0005A 



U28,U29 

SFF TI- OP AWING 


0006 

00009.000 

0972763-0001 

CAPACITOR, .OOlUF 50V FX CFRAMTC DIFL 
COR CA-C02Z5U102Z100A 

FA 

0006A 



C1,C2,C3,C4,C6,C7,C8,C9,C10 
COR CA-C02Z5U102Z100A 


0007 

00010.000 

0972763-0025 

CAPACITOR,. lOUF 50V FX,CFRAMIC DIFL 
COR CA-C03Z5U104Z050A 

FA 

0007A 



C11,C12,C13,C14,C15,C16,C17 



COR CA-C0375U104Z050A 

Cl8,C20,C?l 

COR CA-C03Z*5U104Z050A 


0007 0 




11/2A/I32 


LIST OF MATERIALS 


PART NUMHPR REV 

P223015-5003 E 

DESCRIPTION 

FXPANSrnW RAM C192K)-AUTn TNSFRT 


TT PM 

nil AMTT TV 

CnMPONFNT.. 

2223016-0001 

np<:rRiPTTnN 

► UM 

0001 

OCOOKOOO 

PWB, EXPANSION RAM 
1669- -000 

FA 


0003 

00000.000 

2211110-0004 

IC.6AK-BIT DYNAMIC RAM, ISONS TA/ROW 
TMSA16-A-15NL 

EA 

0003A 



Ul,U2,U3,U4,U5,U6,U7,!m,U9 

TMS416-A-15NL 


0005 

00002.000 

2220360-0002 

ICfOCTAL ORAM DRIVER^ 3-STATE OUTPUTS 
SEE TI- DRAWING 

FA 

0005A 



U23tU29 

SEE TI- DRAWING 


0006 

ooooq.ooo 

09-^2 763-0001 

CAPACITOR, .OOlUE SOV EX CERAMIC OTFl 
COR CA-C02Z5U102Z100A 

EA 

0006A 



Cl,C2fC3,C4,C6,C7,C8,C9,C10 
COR CA-C02Z5U102Z100A 


0007 

00010.000 

0972763-0025 

CAPACITOR,. lOUE 50V EX, CERAMIC DIEL 
COR CA-C03Z5U104Z050A 

EA 

0007A 



CII,C12,C13,C14,C15,C16,C17 
COR CA-C03Z5U104Z050A 


0007B 



CIB,C20,C21 

COR CA-C03Z5U104Z050A 
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U/2A/R 


LIST OF MATERIALS 


PART NUMBER R FV 

?2230TT”0001 F 

nESCRIPTION 

POWER SUPPY ASSY-1 15V DOMESTIC 


ITEM . 

QUANTITY. 

COMPONENT.. 

DESCRIPTION 

UM 

0001 

00001.000 

2223091-0001 

POWER SUPPLY, PEGASUS 
SEE TI- DRAWING 

FA 

0002 

00001.000 

2223025-0001 

CHASSIS, POWER SUPPLY 
1678-3025-006 

EA 

0003 

00001.000 

2223026-0001 

COVER, POWER SUPPLY 
1678-3026-006 

EA 

0004 

00001 .000 

2211940-0001 

SWI TCH, ROCKER, OPSTflOA, 250V 
SEE TI- DRAWING 

EA 

0005 

OOOOl .090 

0996260-0001 

RECFPTACLE,3-PTN AC PWR 
SCT -EAC-301 

EA 

0006 

00001 .000 

2220485-0001 

RECEPTACLE, AC POWER, EEMAl E,,3 PIN 
-COO 

EA 

0007 

00000.500 

0418082-0001 

GROHMFT, PLASTIC, EDGING 

EA 

0010 

00004.000 

0972831-0004 

RIVET, l/8X.275,TUBULAR, STEEL, BLIND 
019738-1821-0410 

EA 

0011 

00004.000 

0972988-0041 

SCREW 8-32 X .250 PAN MEAD CRES 

EA 

0012 

00003.000 

0972969-0005 

SCREW ^6-20 X 3/8 LG THD PI HEX WASHER 

EA 

0013 

00004.000 

0411101-0059 

LOCKWASHER n 0 EXTERNAL TOOTH CRES 
QPL - MS35335-59 

FA 

OOIA 

00004.000 

0416622-0024 

WASHER nn ELAT 
OPL - AN960C8L 

EA 

001 a 

00000.500 

0996286-4455 

WIRE,19-STRAN0 ^^20 GRN/YELLOW UL-1430 
SEE TI- DRAWING 

FT 

002 0 

00001.400 

0935172-5488 

WTRE,UL 1430/3317, 18AWG,GRA/YEL 
1650-0000-000 

FT 

0021 

OOOOl .400 

0935172-5088 

WIRFfUL 1430/3317, 18AWG,GRA/BLK 
1650-0000-000 

FT 

0025 

0025A 

0025R 

00000.000 

2223000-0001 

POWER SUPPLY, 115V 
1254-1000-000 
^MAY BE USED AS AN 
1254-1000-000 
♦ALTERNATE TO ITEM 1 
1254-1000-000 

EA 

0026 

00001.000 

2207869-0001 

LABEL, WARNING HIGH VOLTAGE 
1234-1869- OPO 

FA 

0027 

OOOOl. 000 

2223088-0001 

CABLE ASSY, POWER RCPT TO PWR SUPPLY BD 
000 

EA 

002B 

OOOOl .000 

2220641-0001 

FAN CORD ASSEMBLY, 5 INCH,PVC 
SEE TI- DRAWING 

EA 

002*^ 

00091.000 

2210066-0006 

LUG, RING TONGUE, TAPE MTD, «6 , RED, 22-1 6 
000779-2-31879-2 

EA 

0030 

00001.000 

0972988-0030 

SCREW 6-32 X .5C0 PAN HEAD CRES 

EA 

0031 

00002.000 

0411027-0806 

WASHER, #6 ELAT,CRES,.l56 X .375 X .049 
QPL - MS15795-806 


0032 

00002.000 

0411115-0064 

NUT, PLAIN 6-32 UNC-2B HEX CRES 
QPL - M535649-264 

FA 

0034 

000C2.000 

0411101-0058 

LOCKWASHER /?6 EXTERNAL TOOTH CRES 
QPL - MS35335-58 

EA 



j 11/2 VB2 

PART NUMBER REV 

OESCRIPTinN 


222303 T- 

0002 F 

POWER SUPPIY ASSY, INTERNATIONAL 


ITEM. 

QUANTITY. 

COMPHNENT.. 

DFSCRIPTION 

UM 

0001 

00001 .000 

2223091-0001 

POWER SUPPLY, PEGASUS 

EA 

0002 

00001.000 

2223025-0001 

SEE TI- DRAWING 
CHASSIS, POWER SUPPLY 

FA 

0003 

00001.000 

2223026-0001 

1678-3025-006 
COVER, POWER SUPPLY 

FA 

000^ 

00001.000 

222063 7-0001 

1678-3025-006 

ROCKER SWITCH FOR EUROPEAN ASSEMBLIES 

FA 

000*5 

00001.000 

0996260-0001 

SEE Tt- DRAWING 
RECEPTACLE, 3-PIN AC PWR 

EA 

0006 

00001.000 

22204B5-0001 

SCT -E AC- 301 

RECEPTACLE, AC POWER, FEMALE, 3 PIN 

FA 

0007 

AR 

0418082-0001 

-000 

GROMMET, PLASTIC, EDGING 

EA 

0010 

00004.000 

0972831-0004 

R1 VET, 1/8X.2T5, TUBULAR, STEEL, BLIND 

EA 

0011 

00004.000 

0')72988-004l 

019738-1821-0410 

SCREW 8-32 X .250 PAN HEAD CRES 

EA 

0012 

00003.000 

0972*569-0005 

SCREW #6-20 X 3/8 LG THO PL HEX WASHER 

EA 

0013 

00004.000 

0411101-0059 

LOCKHASHFR f 8 EXTERNAL TOOTH CRES 

EA 

0014 

00004.000 

0416622-0024 

QPL - MS35335-59 

WASHER #8 FLAT 

EA 

0018 

00000.500 

0996286-4455 

QPL - AN960C8L 

WIRF, 19-STRANO #20 GRN/YFLLOW UL-1430 

FT 

0020 

00001.400 

0935172-5488 

SFE TI- DRAWING 

WIRE,UL 1430/3317, 18AWG,GRA/YEL 

FT 

0021 

00001.400 

09351 72-5088 

1650-0000-000 

WIRE.UL 1430/331T,18AWG,GRA/BLK 

FT 

0025 

ocooo.ooo 

2223000-0002 

1650-0000-000 
POWER SUPPLY-BPO 

EA 

0025A 

0025R 

0026 

00001 .000 

2207869-0001 

1254-2000-000 
*MAY BE USFO AS AN 
1254-2000-000 
♦ALTERNATE TO ITEM 1 
1254-2000-000 

LAB EL, WARNING HIGH VOLTAGE 

FA 

0027 

00001.000 

2223088-0001 

1234-1869-000 

CABLE ASSY, POWER RCPT TO PWR SUPPIY BD 

FA 

0029 

00001 .000 

2210066-0006 

LUG, RING TONGUE, TAPE MTD, #6, RED, 22-16 

FA 

0030 

OOOOl .000 

0972988-0030 

000779-2-31879-2 

SCREW 6-32 X .500 PAN HEAD CRTS 

FA 

0031 

00002.000 

0411027-0806 

WASHER, #6 FLAT,CRES,.156 X .375 X .049 

FA 

0032 

00002.000 

0411115-0064 

QPL - MS15795-805 

NUT, PLAIN 5-32 UNC-2B HEX CRES 

EA 

0033 

00001.000 

2223048-0001 

QPL - MS35649-264 

CARLE ASSY, TNT* L FAN CORD 

EA 

0034 

00002.000 

0411101-0058 

000 

LOCKWASHFR #5 EXTERNAL TOOTH CPFS 

FA 



QPL - MS35335-58 
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2 

1 w 

?! 8V!/niL_ll ! 


part numbfr pev 

DE sc P! PT I ON ........... • ® * <• 


;?223038 

-0001 G 

MAIN FNCLDSUPF, SUBASSY 


ITFM. 

QUANTITY. 

COMPONENT.. 

DESCRIPTION. 

UM 

0001 

00001.000 

2223024-0001 

CHASSIS. TERMINAL 
1678-3074-008 

FA 

0003 

00001 .000 

2223037-0001 

PnWFR SUPPY ASSY- 115V DOMFSTIC 
1669-1037-000 

FA 

0004 

00001.000 

2220632-0001 

FAN, 115 VAC, 29 CFM.13 W.TUBEAXIAL 
SFE TI- DRAWING 

FA 

0007 

00001.000 

2223003-0001 

MOTHERBOARD - PEGASUS 
1254-3003-005 

FA 

0016 

00003.000 

2211907-0005 

SPACER, PCB,.31"B0nY, NYLON, H0LE/A6 SCREW 
SFE TT- DRAWING 

FA 

Q0T7 

00003.000 

2220484-0001 

SUPPORT, PC BOARD, SELF-MOUNT 
-000 

FA 

0018 

00007.000 

2220487-0001 

SPEEDNUT.J-TYPE.WITH T-NUT 

-000 

FA 

0019 

00004.000 

0972684-0012 

SCREW 6-32 X 1/2 THD SLOT HEX HASHER HD 

FA 

0022 

00002.000 

0972969-0005 

SCREW (J6-20 X 3/8 LG THO PL HEX WASHER 

FA 

0023 

00006.000 

0972684-0018 

SCREW 8-32 X 3/8 THD FRM.SLOT HX WSR HD 

FA 

0024 

00001 .000 

O97298B-O045 

SCREW 8-32 X .500 PAN HEAD CRFS 

FA 

0025 

OOOOKOOO 

0411115-0084 

NUT, PLAIN 8-32 UNC-2B HEX CRFS 
QPl - MS35649-284 

FA 

0028 

00001.000 

0411104-0137 

WASHER, LOCK-SPRir«, HELICAL, #8 
QPL - MS35338-137 

FA 

0029 

00002.000 

041102 7-0807 

WASHER, #8 FLAT, CRES,. 188 X .375 X .049 . 
QPL - MS15795-807 

FA 

0010 

00001.000 

0411100-0072 

LOCKWASHER #8, INTERNAL TOOTH CPFS 
QPL - MS35333-72 

FA 

0031 

00001 .000 

2223079-0001 

CABLE ASSEMBLY, GROUNDING 

————000 

FA 

0032 

00001.000 

2223080-0001 

PLATE, BIANK, EXTERNAL FLOPPY 
1678-30B0-005 

FA 

0033 

00002.000 

0972988-0013 

SCREW 4-40 X .250 PAN HEAD CRFS 

FA 

0034 

00002.000 

0411104-0135 

WASHER, LOCK-SPRING, HELICAL, #4 
QPL - MS35333-135 

FA 

0035 

00002.000 

0411027-0803 

WASHER .125 X .250 X .022 FLAT CRFS 
QPL - MS15795-803 

FA 

0037 

OOOOl .000 

2220556-0001 

SPEAKERS, 8 OHM 2 WATT 
SFE TI- DRAWING 

FA 

0038 

OOOOl .000 

0972373-0001 

GUARD FAN 
RTN —476143 

FA 

^ 0039 

00004.000 

0972802-0014 

FASTENER, SPEED NUT, STL ,6-32 ,. 41 L 
078553-C10132-632 

FA 

0041 

00001.000 

2223108-0001 

CABLE ASSY, SPEAKER 

— 000 

FA 

0042 

00001.000 

2223262-0001 

CARO GUIDF LOWER 
——000 

FA 

0043 

00003.000 

2211909-0002 

PCB SPACER, NYLON, .37"BOOY 
SEE TT- DRAWING 

FA 

0044 

00005.000 

2220850-0001 

GUIDE, NYLON, 2.50* LONG, GROOVE MOUNTING 
SEE TI- DRAWING 

FA 
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LIST OF MATERIALS 


\l/2AfQ2 

PAPT NUMBER PFV DrSCRTPI ION. 

2223038-0002 G MAIN FNCLOSURF SUBASSY-BPO 


ITEM. 

QUANTITY. 

COMPONENT.. 

OFSCRIPTION 

UM 

0001 

00001.000 

2223024-0001 

CHASSIS, TERMINAL 
1678-3024-008 

FA 

0003 

OOOOUOOO 

2223037-000? 

POWER SUPPLY ASSY, INTERNATIONAL 
1669-2037-000 

FA 

0004 

00001.000 

2220563-0003 

FAN, 230VAC, 50/60 H7 , 9W, 32CFM, 3. 1 2X 1 . 5” 
SEE Tl- DRAWING 

FA 

0007 

00001.000 

2223003-0001 

MOTHERBOARD - PEGASUS 
1254-3003-005 

FA 

0016 

00003.000 

2211907-0005 

SPACER,PCB,. 31«B0nY, NYLON, HnLE/#6 SCREW 
SEE TI- DRAWING 

EA 

0017 

00003.000 

2220484-0001 

SUPPORT, PC BOARD, SELF-MOUNT . 
-000 

EA 

0018 

00002.000 

2220487-0001 

SPEEONUT,J-TYPE,WITH T-NUT 
-000 

FA 

0019 

00004.000 

0972684-0012 

SCREW 6-32 X 1/2 THD SLOT HEX WASHER HD 

FA 

0023 

00006.000 

0972684-0018 

SCREW 8-32 X 3/8 THD FRM,S10T HX WSR HD 

EA 

0024 

00001.000 

0972988-0045 

SCREW 0-32 X .500 PAN HEAD CRES 

EA 

0025 

00001 .000 

0411115-0084 

NUT, PLAIN 8-32 UNC-2B HEX CRTS 
QPL - MS35649-284 

EA 

0028 

00001.000 

0411104-0137 

WASHER, LOCK-SPRING, HELICAL, #8 
QPL - MS35338-137 

FA 

0029 

00002.000 

0411027-0807 

WASHER, #8 FLAT, CRES,. 188 X .375 X .049 
QPL - MS 15795 -807 

FA 

0030 

00001.000 

0411100-0072 

LOCKWASHFR ^8, INTERNAL TOOTH CRES 
QPL - MS35333-72 

EA 

0031 

00001.000 

2223079-0001 

CABLE ASSEMBLY, GROUNDING 
-000 

FA 

0032 

OCOOl .000 

2223080-0001 

PLATE,BLANK,EXTERNAL FLOPPY 
1678-3080-005 

FA 

0033 

00002.000 

0972988-0013 

SCREW 4-40 X .250 PAN HEAD CRES 

FA 

0034 

00002.000 

0411 104-0135 

WASHER, LOCK-SPRING, HELICAL, ff4 
QPL - MS35338-135 

FA 

0035 

00002.000 

0411027-0803 

WASHER .125 X .250 X .022 ELAT CRES 
QPL - MS15795-803 

FA 

003 7 

00001.000 

2220556-0001 

SPEAKERS, 8 OHM 2 WATT 
SEE TI- DRAWING 

FA 

0038 

00001 .000 

0972373-0001 

GUARD FAN 
PTN —476143 

FA 

0039 

00004.000 

0972802-0014 

FASTENER, SPEED NUT, STL ,6-32 ,. 41 L 
07B553-C10L32-632 

FA 

0041 

00001 .000 

2223108-0001 

CABLE ASSY, SPEAKER 
000 

FA 

0042 

00001 .000 

2223262-0001 

CARD GUIDE LOWER 
000 

FA 

0043 

00003.000 

2211909-0002 

PCB SPACER, NYLON,. 37»*BnnY 
SEE TI- DRAWING 

EA 

0044 

00005.000 

2220850-0001 

GUIDE, NYLON, 2. 50* LONG, GROOVE MOUNTING 
SEE TI- DRAWING 

FA 



ll/2't/82 


LIST OF MATERIALS 


PART NUMBER REV HE SCRT PTION. . . 

2223038-0003 0 MAIN ENCLOSURE SUB ASSY-VOE 


ITEM. 

QUANTITY. 

COMPONENT.. 

nESCfUPTION. 

UM 

0001 

00001.000 

2223024-0001 

CHASSIS, TERMINAL 
1678-3024-008 

f=4 

0003 

00001.000 

2223037-0002 

POWER SUPPLY ASSY, INTERNATIONAL 
1669-2037-000 

FA 

0004 

00001.000 

2220‘56 3- 00 0 3 

E AN, 230VAC, 50/60 HZ ,9W, 32CFM,3.1 2X1 .5" 
SEE TI- DRAWING 

FA 

0007 

00001.000 

2223003-0001 

MOTHERBOARD - PEGASUS 
1254-3003-005 

FA 

0016 

00003.000 

2211907-0005 

SPACER. PCB,.3l"B00Y, NYLON, HOLF/ff 6 SCREW 
SEE TI- DRAWING 

FA 

0017 

00003.000 

2220484-0001 

SUPPORT, PC BOARD, SELF-MOUNT 
-000 

FA 

0018 

00002.000 

2220487-0001 

SPEEONUT.J-TYPE.HITH T-NUT 
-000 

FA 

0019 

00004.000 

0972684-0012 

SCREW 6-32 X 1/2 THO SLOT HEX WASHER HO 

FA 

0023 

00006.000 

0972684-0018 

SCREW 8-32 X 3/8 THD FRM.SLOT HX HSR HD 

FA 

0024 

OCOOl.OOO 

0972988-0045 

SCREW 8-32 X .500 PAN HEAD CPES 

FA 

002 5 

00001.000 

0411115-00 84 

NUT, PLAIN 8-32 UNC-2R HEX CRES 
gPL - MS 35649- 284 

FA 

0028 

00001.000 

0411104-0137 

HASHER, LOCK-SPRING, HELICAL, «8 
QPL - MS35338-137 

FA 

0029 

00002.000 

0411027-0807 

WASHER, #8 FLAT,CRES,.188 X .375 X .049 
OPL - MS15795-807 

FA 

0030 

00001.000 

0411100-0072 

LOCKHASHER f 8, INTERNAL TOOTH CRES 
QPL - MS35333-72 

FA 

0031 

00001 .000 

2223079-0001 

CABLE ASSEMBLY, GROUNDING 

— — — —000 

EA 

0032 

00001 .000 

2223080-0001 

PLATE, BLANK, EXTERNAL FLOPPY 
1678-3080-905 

FA 

0033 

00002.000 

0972988-0013 

SCP^FW 4-40 X .250 PAN HEAD CRES 

FA 

0034 

00002 .000 

0411104-0135 

WASHER, LOCK-SPRING, HELICAL, #4 
QPL - MS3*?338-135 

FA 

0035 

00002.000 

0411027-0803 

WASHER .125 X .250 X .022 FLAT CRES 
QPL - MS15795-803 

FA 

0037 

oooni .000 

2220556-0001 

SPEAKERS, 8 OHM 2 WATT 
SEE TI- DRAWING 

FA 

0038 

00001 .000 

0972373-0001 

GUARD FAN 
RTN —476143 

FA 

0039 

00004.000 

0972802-0014 

FASTENER, SPEED NUT, STL, 6-32, .41 1 
078553-C10132-632 

FA 

0041 

00001 .000 

2223108-0001 

CABLE ASSY, SPEAKER 

————000 

FA 

0042 

00001.000 

2223262-0001 

CARD GUIDE LOWER 

— — 000 

FA 

0043 

00003.000 

2211909-0002 

PCB SPACER, NYLON, .37"B0DY 
SEE TI- DRAWING 

EA 

0044 

00005.000 

2220850-0001 

GUIDE, NYLON, 2. 50» LONG, GROOVE MOUNTING 
SEE TI- DRAWING 

FA 


















2223050 ! 
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11/24/fl 


PART NUMBER REV 
2223050-0001 F 


OESCRIPTION 

SYSTEM ASSY-STANDARn 


ITEM. QUANTITY. COMPONENT.. OESCRIPTION. 


0007B 


00001 .000 
00001 .000 
OOOO't.OOO 


00001.000 


00000.000 0<J<)6 289-0002 


POOOl.OOO 


00001.000 


2223038-0001 MAIN ENCLUSURE, SURASSY 
1669-1038-000 

2223029-0001 COVER . TERMINAL 
1678-3029-006 

2223033-0001 PLATE OPTION BOARD 
1678-3133-009 
00001.000 2223034-0001 INSERT PLATE, FLOPPY 

167R-3134-008 

0996289-0001 CORO SET, 3-PIN PWR-OOMESTTC BLACK 
080126-0-7R89-008-GY 

0996289-0002 CORD SET, 3-PIN PWP-OOMESTIC CRAY W/CLIP 
080126-0-7919-008-GY 
*MAY BE USED AS AN 
080126-0-7919-008-GY 
*^ALTERNATE TO ITEM 6. 
080126-0-7919-008-GY 

2223075-0001 L ABEL , SER lAL -950 TERM, STANDARD DOM 

1669-1075-000 

0996943-0001 LABEL, SELF-DESTRUCT, .656 X .25 
1652-1274-000 

221 1919-0002 PLUG,H0LE-1.563 DIA 

SEE TI- DRAWING 

0972988-0043 SCREW 8-32 X .375 PAN HEAD CRES 


0996943-0001 


00002.000 0972988-0043 


0972684-0011 SCREW, THREAD FORMING, #6-32 
1282-5256-000 

2220446-0001 DISK DRIVE ASSY .FLOPPY, 5. 25 INCH 
1254- -000 

2223009-0001 ALPHA CRT CONTROLLER 
1254-3009-005 

00003.000 2210071-0009 SCREW, 6-32 X 3/8, HEX HEAD 

SEE TI- DRAWING 

2223082-0001 INTERCONNECT DIAGRAM 


00007.000 

00001.000 


00001.000 


00001.000 0972632-0001 STRAP, TIE DOWN, CABLE-NDN-STD, 0- 1-1 /4 0. 


OCOOl.OOO 

00004.000 


00001.000 2223076-0001 INSERT SWITCH OPENING 

1255-3519-002 

00001.000 2223020-0001 PANEL, FPONT 

1255-3521-002 

2223090-0001 NAMEPLATE, PROFESSIONAL COMPUTER 
— -000 

0972969-0009 SCREW, 6-20 X 7/8 HEX WASHER HEAD 
SEE TI- DRAWING 

0972969-0008 SCREW, 6- 20 X 3/4 HEX WASHER HEAD 


00001.000 0972969-0008 


00001.000 2211184-0001 LABEL, .334H, FCC CLASS A EQUIPMENT 

SEE TI- DRAWING 

00001.000 2269942-0001 LABEL ,UL 


00001.000 2269943-0001 LABEL, CSA 


00001.000 


00001 .000 


2223097-0001 CABLE ASSY,MOTHERBOARD TO FLOPPY 
000 

00001.000 0999456-9701 MANUAL , INFORMAL I DN REQUEST FORM 

1225-9456-000 

2223203-0001 MANUAL-GETTING STARTED 
1261-3203-000 

2223279-0001 CONFIGURATION, FLOPPY DISK DRIVES 


4-34 



11/24/82 


LIST OF MATERIALS 


PART NUMBER REV 

DESCRIPTION... 


2223050 

-0002 E 

SYSTFH ASSY-BASIC 


ITEM, 

QUANTITY. 

COMPONENT.. 

DESCRIPTION 

UM 

0001 

00001.000 

222T0TB-0001 

MAIN ENCtnsURF, SUBASSY 

FA 

0002 

00001.000 

2223029-0001 

1669-1038-000 
COVER, TERMINAL 

FA 

0003 

00005.000 

2223033-0001 

1678-3029-006 
PLATE OPTION BOARD 

FA 

0004 

00002.000 

2223034-0001 

1678-3133-009 
I NSERT PL ATE, FLOPPY 

EA 

0006 

00001.000 

0996289-0001 

1578-3134-008 

CORO SET, 3-PIN PWR-OOMFSTIC BLACK 

EA 

0007 

00000.000 

0996289-0002 

080126-0-7889-008-GY 

CORO SET, 3-PIN PWR-OOMpSTIC GRAY H/CLTP 

EA 

0007A 

0007B 

0009 

00001.000 

2223075-0002 

080126-0-7919-008-GY 
♦MAY BE USED AS AN 
080126-0-7919-008-GY 
♦ALTERNATE TO ITEM 6. 

080 126-0-79 19-008-GY 

LABEL, SERIAL-950 TERMINAL , BAS IC DOMESTIC 

FA 

0010 

AR 

0996943-0001 

1669-2075-000 

LABELf SELF-DESTRUCT, .656 X .25 

EA 

0011 

00001.000 

2211919-0002 

1652-1274-000 
PLUG, HOLE-1.563 01 A 

EA 

0013 

00002.000 

09T298B-00A3 

SEE Tl- DRAWING 

SCREW fl-32 X .375 PAN HEAD CRES 

EA 

0014 

00007.000 

0972684-0011 

SCREW, THREAD FORMING, «6-32 

EA 

0025 

REF 

2223082-0001 

1282-5256-000 
IMTERCOMNECT DIAGRAM 

EA 

0029 

00001.000 

0972632-0001 

STRAP, TIE DOWN,CABLE-NON-STD,0-l-l/4 0. 

EA 

0031 

00001.000 

2223076-0001 

INSERT SWITCH OPENING 

FA 

0032 

OOOOl .000 

2223020-0001 

1255-3519-002 
PANEL, FRONT 

EA 

0033 

00001.000 

2223090-0001 

1255-3521-002 

NAMEPLATE,PP0FESS10NAL COMPUTFR 

FA 

0035 

00004.000 

0972969-0009 

— —— — 000 

SCREW, 6- 20 X 7/8 HEX WASHER HEAD 

EA 

0036 

onool .000 

0972969-0008 

SEE Tl- DRAWING 

SCREW, 6-20 X 3/4 HEX WASHER HEAD 

EA 

0037 

00001.000 

2211184-0001 

LABEL,. 334H, FCC CLASS A EQUIPMENT 

EA 

0038 

OOOOl .000 

2269942-0001 

SEE TT- DRAWING 
LABEL, UL 

EA 

0039 

00001.000 

2269943-0001 

LABEL, CSA 

EA 

0041 

00001.000 

2223097-0001 

CABLE ASSY, MOTHERBOARD TO ELOPPY 

EA 

0046 

OOOOl .000 

0999456-9701 

.——000 

MANUAL, INFORMATION REQUEST FORM 

EA 

0040 

OOOOl .000 

2223203-0001 

1225-9456-000 
MANUAL-GETTING STARTED 

EA 


126 1-3203-000 


11/2VB 


m 


PART NUMBER REV 

2223050-000T F 

DESCRIPT 
SYSTFM5 , 

ITEM . 

OUAMTI TY. 

COMPONENT.. 

0001 

00001.000 

222303R-0001 

0002 

00001.000 

2223029-0001 

0003 

00004.000 

2223033-0001 

0004 

00001 .000 

2223034-0001 

0006 

00001.000 

0996289-0001 

0007 

00000.000 

099628<>-0002 

0007A 



0007R 



0009 

00001.000 

2223075-0001 

0010 

AR 

0996943-0001 

0011 

00001.000 

2211919-0002 

0013 

00002.000 

0972988-0043 

0014 

00007.000 

0972684-0011 

0017 

00001.000 

2220446-0002 

0020 

00001.000 

2223009-0001 

0022 

00003.000 

2210071-0009 

0025 

REF 

2223082-0001 

0029 

00001 .000 

0972632-0001 

0031 

OOOOl .000 

2223076-0001 

0032 

00001.000 

2223020-0001 

0033 

00001.000 

2223090-0001 

0035 

00004.000 

0972969-0009 

0036 

00001.000 

0972969-0008 

0037 

00001.000 

2211184-0001 

0038 

00001.000 

2269942-000^ 

0039 

00001.000 

2269943-0001 

0041 

00001.000 

2223097-0001 

0046 

00001.000 

0999456-9701 

0048 

00001 .000 

2223203-0001 

0050 

REF 

2223279-0001 


OFSCRIPTION..*.., 


MAIM ENCLOSURE, SMBASSY 

1669~l03B-*000 

CnVFRfTFRMlNAL 

1678-3029-006 

PLATE OPTION BOARO 

167B-3133-009 

INSERT PLATE ^FLOPPY 

1678-3134-008 

CORO SFT?3-PIN PWR-DOMESTTC BLACK 
080126-0-7889-008-GY 

CORO SET, 3-PIN PWR-OOMFSTIC GRAY W/CLIP 

080 126-0-791 9-008-GY 

♦MAY BE USFO AS AN 

080 126-0-79 19-OOB-GY 

♦ALTERNATE TO ITEM 6* 

080126-0-7919-008-GY 

LABEL, SERIAL -«350 TERM, STANOARO OOM 

1669-1075-000 

LABEL, SELF-OFSTRIJCT, .656 X .25 

1652-1274-000 

PLUG, HOLF-l. 563 01 A 

SEE TI- ORAWING 

SCREW 8-32 X .375 PAN HE AO CRES 

SCREW, THREAO FORMING, #6-32 
12B2-5256-000 

DISK ORIVF ASSY, FLOPPY, 5. 251 NCH-OUAL HO 
SFE TI- ORAWING 
ALPHA CRT CONTROLLER 

1254- 3009-005 

SCREW, 6-32 X 3/B, HEX HEAD 
SEE TI- DRAWING 
INTERCONNECT DIAGRAM 

STRAP, TIE DOWN, CABLE-NnN-STO,0- 1-1/4 D. 

INSERT SWITCH OPENING 

1255- 3519-002 
PANEL, FRONT 
1255-3521-002 

NAMEPLATE, PROFESSIONAL COMPUTFR 
————000 

SCREW, 6-20 X 7/8 HEX WASHFR HFAO 
SFE TI- DRAWING 

SCREW, 6-20 X 3/4 HEX WASHER HEAD 

LABEL, .334H, FCC CLASS A EQUIPMENT 
SEE TI- ORAWING 
LABEL, UL 

LABEL, CSA 

CABLE ASSY, MOTHERBOARD TO FLOPPY 
——000 

MANUAL, INFORMATION REQUFST FORM 
1225-9456-000 
MANUAL-GETTING STARTED 
1261-3203-000 

CONFIGURATION, FLOPPY DISK DRIVES 


i-36 




4-37 


NOTES: UNLESS OTHERWISE SPECIRED: 

\Tj FACE- OF fK/SERT PLATE (ITEM 4-) MUST BE 
BUTT AGAtUST OPEUItJG OF FRONT PANEL 
BEFORE TIGHTENING (ITEM 14) 

g IF CONNECTORS PZ1 AND PZZ 

ARE NOT USED , SECURE WITH ITEM 29 
AS SHOWN 

[U LOCATION OF LABELS (ITEM 9 AND ) tS 
IS NOT CRITICAL 


[^1 POWER CORD (items) IS TO BE PACKED LOOSE ' 
WITH UNIT 

SELF DESTRUCT LABEL (ITEM fo) TO BE PLACED 
APPROXtMAT£/,r THIS LOCATION 

g MANUAL (lTEN5^ii4&) TO BE PACKED LOOSE 
WITH UNIT 


(t] caution STATIC SENSITIVE DEVICE 
ON THIS ASSEMBLV ^ PROPER 
GROUNDING REQUIRED 

iU SECURE ITEM 41 WITH CLIP 
PROVIDED^ WHEN NOT IN USE 

0 TORQU£ TO O.SSt 0.1 m 
^ TORQUE TO 0.7 i 0.1 NP 
HD TORQUE TO I. It 0.1 NM 

02 EET MOTHER BOfiRD OPTION JUMPED . FLOGS 
US FOLLOWS'. CONNECT 1 EACH TO EZ,E4 

CONNECT ES TO Eb, m EI9T0EZD 


-^2223051 r~ 


REVISION 

S 



REV ( OESCn*»nos 

j DATE 


APPROVED 

A jen UPDATED LM 

1 



B 1 CN 50IIST ( D) "-r- "j - 

1 


^A 

(IIALLLM ADD IT 2*1 & IT4t- 




C 1 CN49747/ (D) LAMS 

1 -ilVST 


1 

(0 DELE /T 5 QTY 1 (2) ADD 
... OTEM5 5 4 4&) ... 

n 48 (3) 

NOTE G WA5 

D 1 CN SOIbOSlD) 

j to-xo-fct 


^A■S. Ji’ 1 


\(\) CHANGE PER ENG REDESIGN 


i29 



2ZS30S1-0003 

SYSTEM ASSY , INTERNATIONAL -USV 

ZZ23 0S1-0002 

SYSTEM ASSY , INTERNATIONAL ~ YDE 

22230SI-000I 

SYSTEM ASSY , IN TER NATIONAL ~ BPO 

PART NO. 

DESCRIPTION 


PROCESS 














2223040 

8765 

NEXT ASSY 

< USCOCM 

APPUIC 

:ation 











.Texas Instruments! 


S!-METR1C 


SYSTEM ASSY, 
INTERNATIONAL 


gdS|ft&-«5 -"■■IB 

D 06668 


2223051 


^'300 


cc 


LM 


m 
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LIST OF MATERIALS 


H/24/R2 

PART NUMB PR RFV 

2223051--0001 n 

DESCRIPTION 

SYSTtH ASSY-INT'L RPO 


ITFM. 

QUANTITY. 

COMPONnNT. . 

DESCRIPTION 

... UN 

0001 

00001.000 

2223038-0002 

MAIN FNCIOSURP SUBASSY-BPO 
1669-2038-000 

FA 

0002 

00001 .000 

P2P3020-0001 

COVEP.fTFRMINAL 

1678-3029-006 

FA 

0003 

00005.000 

2223033-0001 

PLATE OPTION BOARO 
1678-3133-009 

FA 

0004 

00002.000 

2223034-0001 

INSERT PLATE, FLOPPY 
1678-3134-008 

FA 

0006 

00001.000 

09<>6695-0001 

CABLE, POWER W/0 PLUG UNTL.J 
080126-107-2-093 

FA 

0009 

OOOOl .000 

2223075-0003 

LABEL, SERIAL -950 TERM, BASIC BPO 
1669-3075-000 

FA 

0010 

AR 

0P96943-0001 

LABEL, SELF-DESTRUCT, .556 X .25 
1652-1274-000 

FA 

0011 

00001.000 

2211919-0002 

PLUG, HOLE-1.563 DIA 
SEE TI- DRAWING 

FA 

0013 

00002.000 

0972988-0043 

SCREW 8-32 X .375 PAN HEAD CRES 

FA 

0014 

00009.000 

0996741-0006 

6-20 X 3/8 SENS SCREW TYPE B 
SEE TI- DRAWING 

FA 

00?5 

RFF 

2223082-0001 

INTERCONNECT DIAGRAM 

FA 

0029 

OOOOl .000 

0972632-0001 

STRAP, TIE DOWN, CABL E-NON-STD, 0-1- 1/4 

D. FA 

0031 

00001.000 

2223076-0001 

INSERT SWITCH OPENING 
1255-3519-002 

FA 

0032 

OOOOl .000 

2223020-0001 

PANEL, FRONT 
1255-3521-002 

FA 

0033 

00001.000 

2223090-0001 

NAMEPLATE, PROFESSIONAL COMPUTER 

000 

FA 

0035 

00004.000 

0972969-0009 

SCREW, 6- 20 X 7/8 HEX WASHER HEAD 
SEE TI- DP AWING 

FA 

0036 

00001.000 

0972969-0008 

SCREW, 6-20 X 3/4 HEX WASHER HEAD 

FA 

0041 

00001.000 

2223097-0001 

CABLE ASSV, MOTHERBOARD TO FLOPPY 

— -000 

FA 

0046 

00001.000 

0999456-9701 

MANUAL, INFORMATION REQUEST FORM 
1225-9456-000 

FA 

0047 

00001.000 

2222574-0001 

LABEL, CAUTION ( BPO) 

FA 

004 8 

00001.000 

2223203-0001 

MANUAL-GETTING STARTED 
1261-3203-000 

FA 



LIST OF MATERIALS 


11/24/8 

2 


PART NUMBER REV 

2223051-0002 0 

DESCRIPT 
SYSTEM, a; 

ITEM. 

QUANTITY. 

COMPONENT.. 

0001 

00001.000 

2223038-0003 

0002 

OOOOl .000 

2223029-0001 

0003 

00005.000 

2223033-0001 

0004 

00002.000 

2223034-0001 

0006 

OOOOl .000 

0996290-0001 

0009 

00001.000 

2223075-0004 

0010 

AR 

0996943-0001 

0011 

00001.000 

2211919-0002 

0013 

00002.000 

0972988-0043 

0014 

00009.000 

0996741-0006 

0025 

REF 

2223082-0001 

0029 

OOOOl .000 

0972632-0001 

0031 

00001.000 

2223076-0001 

0032 

00001.000 

2223020-0001 

0033 

OOOOl «000 

2223090-0001 

0035 

00004.000 

09T;?g69-0009 

0036 

OOOOl .000 

0972969-0008 

0041 

OOOOl .000 

222309 7-0001 

0046 

00001.000 

0999456-9701 

0048 

00001.000 

2223203- 0001 


nf^scRiPTinti, 


1669-3038-000 

COVERtTERMINAL 

1678-3029-006 

PLATE 0PTT0^4 BOARH 

1678-3133-009 

INSERT PLATEfFLOPPY 

1678-3134-008 


1669-4075-000 
LABEL, SELF-OESI 
1652-1274-000 
PLUG, HOLE-1. 563 
SEE TI- DRAWING 


6-20 X 3/8 SENS SCREW TYPE B 
SEE TI- DRAWING 
INTERCONNECT DIAGRAM 

STRAP, TIE OnWN,CABLE-NON-STD,0-l“l/4 0. 

INSERT SWITCH OPENING 
1255-3519-002 
PANEL, FRONT 
1255-3521-002 

NAMEPLATE, PROFESSIONAL COMPUTER 
— — 000 

SCREW, 6- 20 X 7/ 8 HEX WASHER HEAD 
SEF TI- DRAWING 


CARLE ASSY, MOTHERBOARD TO FLOPPY 
000 

MANUAL, INFORMATION RFQUFST FORM 

1225-9456-000 

MANUAL -GETTING STARTED 

1261-3203-000 


4-41 



TOF 


11/24/B2 



PART NUMBER REV 

2223051-0003 0 

DESCRIPT 
SYSTEM A 

ITEM, 

QUANTITY, 

COMPONENT.. 

0001 

00001.000 

222303B-0001 

0002 

00001 .000 

2223029-0001 

0003 

00005.000 

2223031- 0001 

0004 

00002.000 

2223034-0001 

0006 

00001.000 

0996289-0001 

0007 

00000.000 

0996289-0002 

0007A 



000 7 B 



0009 

00001.000 

2223075-0005 

0010 

AR 

0996943-0001 

0011 

00001.000 

2211919-0002 

0013 

00002.000 

0972988-0043 

0014 

00009.000 

0996741-0006 

0025 

REE 

2223082-0001 

0029 

00001.000 

0972632-0001 

0031 

00001.000 

2223076-0001 

0032 

00001.000 

2223020-0001 

0033 

00001.000 

2223090-0001 

0035 

00004.000 

0972969-0009 

0036 

00001.000 

0972969-0008 

0041 

ncool .000 

222309 7-0001 

0046 

00001.000 

0999456-9701 

0048 

00001 .000 

2223203-0001 


MAIN ENCLOSURE, SIIPASSY 

1669-1038-000 

COVER, TERMINAL 

1678-3029-006 

PLATE OPTION BOARD 

1678-3133-009 

INSERT PLATE, FLOPPY 

1678-3134-008 

CORO SET, 3-PIN PWR-OOMESTIC BLACK 
000126-0-7889-008-GY 

CORD SET, 3-PIN PWR-OOMESTIC GRAY W/CLIP 

080 126-0-79 19 -008-GY 

^MAY BE USED AS AN 

080126-0-79 19-008-GY 

♦ALTERNATE TO ITEM 6. 

080126-0-79 19-008-GY 

LABEL, SERIAL-950 TERMINAL , BASIC 

1669-5075-000 

LABEL, SELF-DESTRUCT, .656 X .25 

1652-1274-000 

PLUG, HOLE-1.563 DTA 

SEF TI- DRAWING 

SCREW 8-32 X .375 PAN HEAD CRFS 

6-20 X 3/8 SFMS SCREW TYPE R 
SEE TI- DRAWING 
INTERCONNECT DIAGRAM 

STRAP, TIE DOWN,CABLE-NON-STD,0-l-l/4 D. 

INSERT SWITCH OPENING 
1255-3519-002 
PANEL, FRONT 
1255-3521-002 

NAMEPLATE , PROFESSIONAL COMPUTER 
000 

SCREW, 6- 20 X 7/8 HEX WASHER HEAD 
SEE TI- DRAWING 

SCREW, 6-20 X 3/4 HEX WASHER HEAD 

CABLE ASSY, MOTHERBOARD TO FLOPPY 

— — -000 

MANUAL, INFORMATION PEOUFST FORM 
1225-9456-000 
MANUAL-GETTING STARTED 
1261-3203-000 
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LIST OF MATERIALS 


PART HUMBER REV 

OF SCRIPTION... 


2223061 

-0001 H 

GRAPHICS, 

CRT CONTROLLER 


ITEM. 

QUANTITY. 

CnHPONENT.. 




0002 

Rfif 

2223063-0031 

DIAGRAM, LOGIC, GRAPHICS CRT CONTROLLER 

FA 

0007 

OOOOl .000 

2210653-0001 

IC,LS13B,3-Tn-8 LINE OECODFR 
V-LIST-LS138 BURN-IN 

FA 

0007A 



U26 

V-LIST-LS138 BURN-IN 


0021 

00001 .000 

221028S-0022 

HEADER, l-ROW, 22 CONTACTS, .100" CENTERS 
SEE TI- DRAWING 

FA 

0021 A 



P41 

SEE TI- DRAWING 


0022 

00004.000 

0006341-0003 

SPACER, PC BOARD, ZYTEL, NATURAL COLOR 

FA 

0023 

OOOOl .000 

2210057-0011 

HEADER, STR. PIN, 22 POS . 
007791-87215-7 

FA 

002 3 A 



P42 

007791-87215-7 


0024 

REF 

0994306-9901 

PROCEDURE, SITE f. DATE CODE SEPI ALIZATION 

FA 

0027 

REF 

2223273-0001 

SPECiriCATION,UNIT TEST-GRAPHICS CRT 

FA 

0028 

AR 

0411400-0024 

WIRE, 24AWG ELECTRO TIN PLATED COPPER 

FT 

0999 

00001.000 

2223061-5001 

GRAPHICS, CRT CONTROLLER-AUTO INSERT 
1254-3061-002 

FA 

9999 

00001.000 

0239999-9999 

COST, SHRINKAGE 

FA 


11 / 24/82 

n CO r» c\/ 

nr 9 r ni ptt 



rAK 1 nun 

222306 l~ 

0002 H 

GRAPHICS, 

CRT CONTROLLER 3 PLANE 


!TFM. 

QUANTITY. 

COMPOMFNT.. 

DESCRIPTION OH 

0002 

RFF 

2223063-0001 

DIAGRAM, LOGIC, GRAPHICS CRT CONTROLLER 

FA 

0007 

00001 .000 

2210653-0001 

IC,LSl38,3-TO-8 LINE DECOOER 
V-L IST-LS138 BURN-IN 

FA 

0007A 



U26 

V-LIST-LS138 BURN-IN 


0021 

oeool .000 

2210288-0022 

HEADER, 1-ROW, 22 CONTACTS, .100" CENTERS 
SEE TI- DRAWING 

FA 

0021 A 



P41 

SEE TI- DRAWING 


0022 

00004.000 

0996341-0003 

SPACER, PC BOAPD,ZYTEL,NATUPAL COLOR 

FA 

0023 

00001 .000 

2210057-0011 

HEADER, STR. PIN, 22 POS 
007791-87215-7 

FA 

0023A 



P42 

007791-87215-7 


0024 

RFF 

0994396-9901 

PROCEDURE, SITE C DATE CODE SERIALIZATION 

FA 

0027 

RFF 

2223273-0001 

SPECIFICATION, UNIT TEST-GRAPHICS CRT 

FA 

0999 

00001.000 

2223061-5002 

GRAPHICS, CRT CONTROLLER 3 PLANE-AUTO INS 
1254-3063-004 

FA 

9999 

00001.000 

0239999-9999 

COST, SHRINKAGE 

FA 


Il/2'f/ft2 


LIST OF MATERIALS 


PART NU 
2223061 

MBFR REV 

-5 001 H 

DESCRIPTI 

GRAPHTCSf 

CRT CONTROLLER-AUTn INSERT 


ITEM. 

0001 

QUANTITY. 
00001 .000 

COMPONPNT.. 

7??3062-0001 

nr<:rpTPTTnM HM 

PWBf GRAPHICS CRT CONTROLLER 
SEE TT- DRAWING 

FA 




0003 

00004.000 

222051 7-0002 

ICtl6KX4PIT RAM,330NSrC READ CYCLE TIME 
SEE TI- DRAWING 

FA 

0003A 



ltlfU2»U3»U4 
SEE TI- DRAWING 


000^ 

00006.000 

2210669-0001 

ICfLS166,8-RlT PARALLEL /SERI AL INPUT 
V-LTST-LS166 BURN-IN 

FA 

0004A 



U13,U14,U15,U16,U17,U18 
V-II5T-LS166 nUP.N-lN 


0005 

OCOOl.OOO 

722^084-0001 

GRAPHICS LOGIC ARRAY 
1254- -000 

FA 

000 5 A 



U41 

1254- -000 


0006 

00006.000 

2210605-0001 

IC,LS245fOCTAL BUS, XC IVFR ,3ST .OUTPUT 
V-LIST-IS245 BURN-IN 

FA 

0005A 



U1<3,U20,U21,U22,U23,U24 
V-LIST-LS245 BURN-IN 


0007 

00001.000 

2210653-0001 

lC,LSl38,3-Tn-0 LINE nfCODER 
V-LIST-LS138 BURM-IN 

FA 

000 r A 



U25 

V-LIST-LS13R BURN-IN 


0008 

00003.000 

2210658-0001 

lC»LS151f l-OF-8 DATA SELECTOR/NULTI PLEXE 
V-LIST-LS151 BURN-IN 

FA 

0008A 



U27,U28*U29 
V-LIST-LS151 BURN-IN 


000<} 

00003.000 

2210702-0001 

IC,LS273,0CTAL,0-FLIP-rL0P W/COM CIOCK 
V-LIST-LS273 BURN-IN 

FA 

0009A 



U30,U31,U32 
V-L15T-LS273 BURN-IN 


0010 

00004.000 

2210659-0001 

IC»LS153,0UAL 4-LINE TO 1 -L DATA SFL/MPX 
V-L 1 ST-L S 1 53 BURN- I N 

FA 

OOlOA 



U33,U34,U35,U36 
V-LIST-LS153 BURN-IN 


0011 

00002.000 

2210727-0001 

IC»LS393fDUAL, 4-BIT BINARY COUNTER 
V-LTST-LS393 BURN-IN 

FA 

0011 A 



U37,U38 

V-LIST-LS393 BURN-IN 


0012 

00001.000 

2210720-0001 

TC,LS373tOCTAL D-TYPF LATCHES 
V-LIST-LS373 BURN-IN 

FA 

0012A 



U42 

V-LIST-LS373 BURN-IN 


0013 

00001.000 

2210763-0001 

IC»Sl74fHEX, FLIP-FLOP, SINGLE RAIL OUTPUT 
V-L I ST- S 174 BURN-IN 

FA 

0013A 



U43 

V-LIST-S174 BURN-IN 


0014 

00002.000 

2210667-0001 

IC,LS163,SYNC 4-BIT BINARY CNT,SYNC CLR 
V-L I ST-L S 163 BURN-IN 

FA 

0014A 



U39,U40 

V-LIST-LS163 BURN-IN 


0015 

00001.000 

2210735-0001 

IC,S00,0UADf 2-INRUT NANO 
V-LTST-SOO BURN-IN 

FA 

0015A 



U44 

V-LIST-SOO BURN-IN 


0016 

00001.000 

2210604-0001 

IC,LS04fHEX INVERTERS 
V-LIST-LS04 BURN-IN 

FA 

0016A 



U45 

V-LIST-LS04 BURN-IN 


0017 

00004.000 

0972946-0081 

RES FIX 4.7K OHM 5 T .25 W CARBON FILM 
ROH - R-25 

FA 

0017A 

0018 

00001 .000 

0972924-0018 

Rl,R2,R3fR4 
ROH - R-25 

CAP FIX TAMT SOLID 6.8 MED 10 t 35 VOLT 

EA 


QPl -M39003/ 1-230^ 


0018 



U/2V8? 


F 


PART NUMBER REV OPSCR IPTION . . . 

22230M-5001 II GRAPHICS, CRT CONTfinLLFR-AUTn INSERT 


ITEM. QUANTITY. COMPONENT.. OESCRIPTION UM 

0018A Cl 

OPL -M39003/I-2304 

0019 00019.000 0972763-0013 CAP, FIXED .OlOUF 50 VOLTS EA 


004222-MC105E1037 

0019A C2,C3,C4,C5,C6,C7,Ca,C9,C10 

004222-MC105E1037 

0019B Cll ,C12,C13,C14,C15,C16,C17 

004222-MC105E1037 

0019C C18,C19,C20 

004222-MC105E1037 

0020 OC020.000 0972763-0025 CAPACITOR, . lOUF 50V FX, CERAMIC OIFL EA 

COR CA-C0375U104Z050A 

0020A C2l,C22,C23,C24,C25,C?6,C27 

COR CA-C03Z5U104Z050A 

0020B C28,C29,C30,C31,C32,C33,C34 

COR CA-C03Z5U104Z050A 

0020C C35,C36,C37,C38,C39,r.40 

COR CA-C03Z5U104Z050A 

0025 00001.000 0972946-0027 RFS FIX 27.0 OHM 5 ? .25 H. CARBON FILM EA 

ROM - R-25 

0025A R5 

ROH - R-25 

0026 00000.000 2220517-0001 IC, 16K X 4-BTT,RAM,250NSFC READ CYCLE T FA 

SEE TI- DRAWING 

0026 A *THIS ITEM MAY BE USED AS 

SEE TI- DRAWING 

00268 *AN ALTERNATE TO ITEM 3. 

SEE TI- DRAWING 


M/2A/R2 

PART NUMPFR RTV 

OFScniPTinri... 


2223061- 

5002 H 

GRAPHICS^ 

CRT CONTROLLfR 3 PLANF-AUTO INS 


ITFM. 

QUANTITY* 

cnMBnNPNT.. 

np SCRIPT ION 

OM 

0001 

OOOOl .000 

2223062-0001 

PWn, GRAPHICS CRT CONTROLLFR 

FA 

00Q3 

00012.000 

2220517-0002 

SFF TI- DRAWING 

!C>16KX4RIT RAM,330NSrC RFAD CYCLF TIMF 

FA 

0003A 

0003B 

0004 

00006.000 

2210669-0001 

SEF TI- DRAWING 
Ul,U2,U3,U4, 05^06,07, 08, U9t 
SFF TT- DRAWING 
010,011,012 
SFF TI- DRAWING 

IC,LS166, 8-BIT P ARALl FI /SfP 1 AL INPOT 

FA 

0004 A 

0005 

OOOOl .000 

2223084-0001 

V-LTST-LS166 BORN-IN 
013,014,015,016,017,018 
V-LTST-LS166 BORN-IN 
GRAPHICS LOGIC ARRAY 

FA 

0005A 

0006 

00006.000 

2210695-0001 

1254- -000 

U41 

1254- -000 

IC,LS245, OCTAL BOS,XC I VFR ,3ST.00TP0T 

FA 

0006A 

0007 

00001.000 

2210653-0001 

V-LIST-LS245 BORN- IN 
019 , 020 f 02 1 ,022 ,023 ,024 
V-LIST-LS245 BURN-IN 
IC,L5l38,3-Tn-8 LINF DFCODFR 

FA 

0007A 

0008 

00003.000 

2210658-0001 

V-LIST-LS138 BURN-TN 
025 

V-LIST-LS138 BORN-IN 

TC,LSI51,l-nF-8 DATA SFLFCTOR /NULT IPLFXF 

FA 

0008 A 



V-LIST-LS151 BURN-IN 
027,028,029 
V-LIST-LS151 BURN-IN 




11/24/82 



PART NIIMRER REV 

DESCRIPTION... 


2223061 

-5002 H 

GRAPHICS 

,CRT CONTROLLER 3 PLANE-AUTO INS 


ITFH. 

QUANTITY. 

COMPONENT.. 

DESCRIPTION UM 

0009 

00003.000 

2210702-0001 

IC,LS273fOCTAL,n-FLIP-FinP W/COH CLOCK 
V-LIST-LS273 BURN-IN 

EA 

0009A 



U30»U31,U32 

V-L IST-LS273 BURN-IN 


0010 

00004.000 

2210659-0001 

IC,LS153»DUAL 4-LINE TO 1-L DATA SEL/MPX 
V-LTST-LSI53 BURN-IN 

EA 

OOlOA 



U33»U34,U35,U36 

V-L 1ST-LS153 BURN-IN 


0011 

00002.000 

2210727-0001 

IC,LS393»DUAL,4-niT BINARY COUNTER 
V-LIST-LS393 BURN-IN 

EA 

0011 A 



U37,U38 

V-LIST-LS393 BURN-TN 


0012 

00001.000 

2210720-0001 

IC,LS373, OCTAL O-TYPC LATCMFS 
V-LIST-LS373 BURN-IN 

EA 

0012A 



U42 

V-LIST-LS373 BURN-IN 


0013 

OCOPl.OOO 

2210763-0001 

It, S174, HEX, FLIP-FLOP, SINGLE RAIL OUTPUT 
V-LIST-S174 BURN-IN 

EA 

0013A 



U43 

V-LTST-S174 BURN-IN 


0014 

00002.000 

2210667-0001 

IC,LS163,'»YNC 4-BIT BINARY CNT, SYNC CLR 
V-LIST-LS163 BURN-IN 

EA 

0014A 



U39.U40 

V-LIST-LS163 BURN-IN 


0015 

OOOOl .000 

2210735-0001 

1C, SOO, QUAD, 2-INPUT NANO 
V-LIST-SOO BURN-IN 

FA 

0015A 



U44 

V-LIST-SOO BURN-TN 


0016 

00001.000 

2210604-0001 

IC,LS04,HEX INVFRTFRS 
V-L1ST-LS04 BURN-IN 

EA 

0016A 



U45 

V-LIST-LS04 BURN-IN 


0017 

00004.000 

0972946-0081 

RFS FIX 4.7K OHM 5 .25 W CARBON FILM 

ROH - R-25 

EA 

0017A 



Rl,R2fR3,R4 
ROH - R-25 


0010 

00001.000 

0972924-0018 

CAP FIX TANT SOLID 6.8 MFD 10 35 VOLT 

QPL -M39003/1-2304 

EA 

OOlOA 



Cl 

QPL -M39003/1-2304 


0019 

00019.000 

0972763-0013 

CAP, FIXED .OlOlIF 50 VOLTS 
004222-MC105E103Z 

EA 

0019A 



C2,C3,C4,C5,C6,C7,C8,C9,C10 

004222-MC105E103Z 


00190 



CII,C12,C13,C14,C15,C16,C17 

004222-MC105E103Z 


0 019C 



C18,C19,C20 

004222-MC105E103Z 


0020 

00020.000 

0972763-0025 

CAPACITOR, .lOUE 50V EX,CERA?^1C DIEL 
COR CA-C03Z5U104Z050A 

EA 

0020A 



C2l,C22,C23,C24,C25,C26,C27 
COR CA-C03Z5U104Z050A 


00200 



C28,C29,C30fC3l,r.32fC33,C34 
COR CA-C03Z5U104Z050A 


002 OC 



C35,C36,C37,C38f C39,C40 
COR CA-C03Z5U104Z050A 


0025 

00001.000 

0972946-0027 

RES FIX 27.0 OHM 5 T .25 M. CARBON FILM 
ROH - R-25 

EA 

0025A 



R5 

ROH - R-25 


0026 

00000.000 

2220517-0001 

IC,16K X 4-BIT,RAM,260NSEC READ CYCLE T 
SEE TI- DRAWING 

FA 

0026A 



♦THIS ITEM MAY BE USED AS 
SEE TI- DRAWING 


0026B 



♦AN ALTERNATE TO ITEM 3, 
SEE TI- DRAWING 
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TABLE 7 SHI (D-S) 


PIN NO, 

signal 

PIN NO 1 

SIGNAL i 

t/AOl 

NUU- 

3Z/BI& 


Z/BO! 

GND 

33/An 

XAIA 

3/AOZ 

XDT 

3A/BH 


A/DOZ 

RESET 

3S/AIB 

XA13 

S/A03 

XDG 

3G/BI3 


6AB03 

■4-SV 

3T/A/9 

XAIZ 

7AA04- 

XDS 

3B/B/9 


BTBOA 

tRO 

39/A20 

XAH 

3/A03 

XDA 

AO/BW 

CLOCK 

I0/BO3 


^l/A2l 

XAIO 

n/AOS 

XDS 

A2/B2! 

!RG 

tZ/BOG 


A3/AZZ 

XA9 

tS/AOl 

XD2 

AA/B2Z 

ms 

N/BOI 

^!ZV 

^S/AZ3 

XAB 

ts/Aoe 

XD! 

A&/BZ3 

IRA 

lb/B08 

DMA- 

A7/AZ4 

XA7 

IT^AOS 

XDO 

AB/B2A 

IRl 

I3/B09 

4-tZV 

43/AZ5 

XA6 

19/ A !0 

WAIT- 

SO/B2S 

IR2 

ZO/BIO 

GND \ 

3I/A2G 

XAS 

ZMAH 

RPSH 

S2/BZi> 


ZZ/BH 

AMWC’' 

S3/A27 

XAA 

Z3/AI2 

XAIB 

S4/B27 


ZAABIZ 

MRDC- 

ssxAze 

XAS 

ZS/AI3 

XAIB 

5GXB2S 

ALE 

S6/OI3 

AlOiVC- 

S7XA29 

XA2 

Z7yA!A 

XAI7 

SS/BZ9 

4SV 

ZB/BIA 

IDRC- 

S9XASO 

XAi 

29/ A IS 

XAIG 

G0/B30 

OSC 

30/'BtS 


GI/A3I 

XAO 

3!^ A !& 

XAIS 

G2/B3/ 

GND 


e SHI fA-S) 

INTERfJAL FLOPPy COK/NECTOP (J9) 

, I SIGNAL j FLQPPy 'A' PIN NO,\FLOPPy 'O" PIN NO. 

I ewo I ? / 

I I ^ I 


GND 

MOT- 

GND 

DIRECT 

GND 

STEP- 

GND 

WDATA i- 

GND 

IVQATE - 

GND 

TRAKG- 

GND 

H/PROT- 

GND 

RDATA- 


r LIGHT PEN 
SEE TABLE U 
SH3 (Z-Z'j 


VIDEO CONTROLLER BOARD 
2223009 


r COMPOSITE VIDEO 
SEE TABLE !2 
SH3 (C-E) 


TABLE 3 SH3(C~3) , SHE(c-p) 

i GRAPHICS CONTROL IPA2) 

\PINN0,\ SIGNAL \P42PINN0.\ SIGNAL 
1 / N.C. j £ I N.C. 


V GRAPHICS CONTROL 
SEE TABLE 3 
SH3(C-3) 

TABLE IQ SH3CC-2) SH2(C~S) 


GRAPHICS 

ADDRESS 

[PAD 

PIN NO. 

SIGNAL 

P41 PIN NO, 

SIGNAL 

/ 

"""Ad 

/ 

AO 

2 

At 

Z 

At 

3 

AZ 

3 

A2 

4 

A3 

4 

AS 

5 

Ad 

5 

44 

& 

AS 

& 

AS 

7 

A& 

7 

AG 

a 

47 

8 

A7 

9 

AB 

9 

AB 

to 

A9 

10 

A9 

n 

AlO 

II 

AlO 

!2 

AH 

IZ 

AH 

IS 

AtZ 

13 

AtZ 

14 

AI3 

14 

A/3 

IS 

A!4 

IS 

AH 

IG 

AtS 

IG 

AIS 

17 

AIG 

/7 

AIG 

13 1 

N.C. 

19 

N.C. 

19 

-t-SV 

T9 

i-SV 

20 

4-SV 

ZO 

4SV 

2! 

GND 

Z! 

GND 

2Z 

GND 

ZZ 

GND 


- GRAPHICS ADDRESS 
SEE TABLE !0 
SH3 CC-3) 

TABLE II SHS(D-l) 
LIGHT PIN 
1 


TABLE !£ SH3(D-Q 


1 COMPOSITE VIDEO 1 

PVN 

SIGNAL 

BOOT 

GND 

CENTER 

OUTPUT 


TABLE 13 SH3(D~r) 

I RGB VIDEO OUTPUT | 


PIN NO. 
1 

e 

3 

4 

5 

SIGNAL 

GND 

GND 

VRED 

VGRN 

VBLU 

a 

GND 

1 

N,C. 

8 

HDRIVE 

S 

VDRtVE 





"'2223082 


TABLE 


1 

PIN NO. 

SKSNAL 

1 

CHASSIS GND 

S 

TXD 

3 

PXO 

4 

PTS 

5 

CTS 

£ 

DSR 

7 

SIGNAL GND 

a 

DCD 

a 


to 


n 

SCA/CH 

IS 

SCF/a 

13 


lA 


15 

TXC 

l£ 


17 

RXC 

IB 


19 \ 


BO 

DTR 

£/ 


zz 

RJ 

B3 

SCA/CH 

BA 

BAUDOUT/DA 


TABLE B! SHI (A-3) 


POWER 

CONN (J6) 

PIN NO, 

SIGNAL 

/ 

FI2V 

2 

tsv 

3 

QND 

A 

-12/ 

5 

i-sv 

£ 

GND 


I 

cn 


"'"'"'ie^K^UHICAT/OA/S BORRD) ADDRESS COKIFIp-^ ')^ 
I/O A^T>fl^S i JUMPER OPTIOpS^ 


FFax. 

FF2/. 

FF<X 

FFe/ 

FFSX 


^IS - EIS , ElB-^BtS, EI7-ESO 
ES , EJfi^lB , Eie - EIS 
EE-^^4EIS- E/8tEI7~£EO 
,EIS-EIB 
ti ~E^ ,E/€>-^73^EI7-EZO 
El~£4fEIE-EI9, 
EI-EA^EE-ES ,E!7~E2 
EI-EA,EE- ESs E3- £& 


^Tnterrupt 

LEVEL 

LEVEL CONFIGURATiqtJ&^ 
JUMPER ^SFi6nS X 

/ 

2 


A 

EII^EIS 



EtS-EIA ^ 


TABLE /7 SH / (B-S) 


KEr BOARD Ub: | 

PIN 

NO, 

signal 

KEr BOARD 
PWB CONN 

COLOR 

/ 

PWR W2V) 

E2 

GRN 

2 

RCV DATA 

E3 

RED 

3 

XMIT DATA 

EA 

BLK 

A \ 

LOOPBACM RATA 

ES 

BLU 

5 

GND 

El 

YEL 


TABLE IB SH! (B~2) 


PARALLEL PORT (J7) | 

PIN NO, 

SIGNAL 

/ 

prsTR- 

B 

POt 

3 

PD2 

A 

PD3 

s 

PDA 

6 

PDS 

7 

PD6 

B 

PD7 

3 

PDS 

lO 

PACK- 

II 

PBUsr 

IB 

PA POUT 

13 

PSELECT 

lA 

PTAF- 

IS 

PFAULT 

16 

PTINIT- 

17 

GND 

18 



IS 



zo 



2! 



22 



23 



2A 



25 

\ GND 1 


TABLE 19 SHt(B-S) 


TABLE SO SH! (p~S) 


EXTERNAL FLOPPY CONNECTOR (J13) 1 


P/N 

NO. 

SIGNAL 

37 PIN 
D CONN 

PIN 

NO. 

SIGNAL 

37 PIN 
D CONN 

! 

GND 

20 

2! 

GND 

30 

2 


/ 

22 

DIRECn- 

n 

3 

GND 

2! 

23 

GND 

3t 

A 


i z 

2 A 

STEPZ- 

\ tz 

5 

GND 

1 22 

1 25 

GND 

t 32 

6 


3 

i Z6 

IHDATA2- 

!3 

7 

1 GND 

23 

1 ^7 

GND 

93 

8 


A 

! 26 

WQATE2- 

N 

9 

GND 

2A 

1 29 

GND 

9A 

!0 


5 

i 30 

TRAK0- 

IS 

n 

GND 

25 

i 5! 

GND \ 

35 

!2 

INDEX- 

£ 

1 Z2 

WPORT- 

16 

!3 

GND 

26 

1 

6ND 

36 

!A 

MOT3- 

7 

3A 

RDATA- 

17 

IS 

OND 

27 

1 35 

6ND 

37 

16 

SELP- 

8 

t 36 

5ID1- 


!7 

GND 

28 

37 

QND 


18 

SEL3- 

9 

3& 


t9 

fS 

GND 

29 

39 

GND 


20 

MQTA- 

10 

1 AO 




EXPANSION RAM 

CONECTOR (JIOI 1 

PIN Na 

SIGNAL 

PIN NO. 

SIGNAL 

/ 


23 


2 


2A 

MAP 

3 


2S 


A 

MD7 

26 

P0 

5 

GND 

27 


£ 

GND 

2B 

MA6 

7 


29 


8 

AMWC- 

30 

PE 

9 

i-SV 

31 

CAS- 

!0 

+6V 

3Z 

Moe 

H 


33 

MDZ 

!2 

MAi 

3A 

MDl 

13 


35 

MDA 

lA 

MAS 

36 

MP3 

IS 


37 


16 

MA7 

38 

M05 

17 


39 


le 

MAG 

AO 

MD6 

/9 


A! 

■tsv 

20 

MA2 

A2 

45V 

2! 


A3 

GND 

22 

MA3 

44 

GND 
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TCXAS iMSTRtiMENTS 



519621 4r** 

2B23082\ A 

scAut NONf ' 

isMCr* A 


mu 





"2223094 r ' 


CJI 

N3 


NOTES: UNLESS OTHERWISE SPECIRED. 

i"T I MAXIMUM COMPON£MT HEiSHT ABOVE 7ME BOARD 
SHALL BE 19.0 

[Fi MAX/MUM LEAD LEHETH BELOXV THE BOARD 
^ SHALL BE B. 3 


\3 I MARK 
' LETTER 


/H SPACE MDICATED 


. REV/StOM 

PER PROCESS 3 


L±J MARK SITE DATE CODE AHD SERIAL HUMBER 

M SPACE INDICATED PER ITEM BE PARACRAPH 4.0 
AND PROCESS 3 


0 


CAUTIOH THIS ASSEMBLY AND CERTAIN COM- 
PONENTS ARE SUSCEPTIBLE TO DAMASE 
PROM ELECTROSTATIC DISCRAROE. OPERATOR 
AND EOUIPNIENT CAOUND AND PACRASE 
IS REOUIRED. STATIC SENSITIVE COMPONENT 
ARE : at THRU UN , Y! 

REMOVE. Z PAHHLAD SCREWS FROM ITEM 21 

PRIOR TO ASSY AND DISCARD 

APPLY ITEM 28 TO ITEM 22 AFTER ASSY 


B. 


B 


IU§)^ 


1 CONVERSION CHART | 

mm j 

INCHES 

O.B5 

.oto 

O.S 

■ oe 

!.£ 

. o& 

a.3 

. 09 

/9.0 \ 

. 7S 



~W\ 




0 


u. U. u U 

ZZF * 

R6 t-r^ 

1 

LJi i 
> p 





A 



3 I MARK 902-0! 
2 \SLDR 127-01 
i \SLDR 124-02 


Ot 1 H6T t.S CLP WHT (CAT 4) 
OO I HAND SOLDER 
OO 1 WAVE SOLDER 


WKLAT04 TO OOVTRK) SFEOFCATO 


(Ug] REV. 
LEVEL 
BLOCK 



INSTALL ITEM 2C ^QTy 2) I EACH TO E7-EB 
AND EI-E2 

INSTALL ITEM 23 FROM CONDUCTOR SIDE 




REV i 

DCSCWTO^ 1 

DATE 

1 APPROVED 


L M UPDATE 1 


t 

PORMAL RELEASE j 

B 1 

CN 4 70 720 (£) R. PL DRES\ 

0/ZS/S2 

1 M. B/EHL 


in LM UPDATE 



c i 

CN 497454 lEi BLOCK ! 

SIS4IAZ\ H.BI£HL\ 


in CM UPDATE 




CN 5021 13 CD) LAMB 1 

tO-fc-St 

1 

(J) LM UPDATE (2) ADD NOTES G THRU 
UNIT TEST TO REV LEVEL BLOCK 

9 (3) ADD 

\ E\ CH £02400 (d C3UU \ 

n-A-k’. 

i 

\w 

LM L/PDArE 




29 


Z223094-SD0I 

COMMUNICATIONS CARD-AUTO INSERT 

2223094-0001 

COMMUNICATIONS CARD 

PART NO 

DESCRIPTION 


UNIT TEST 

2223274-000/ 

~ 

■“ 

± 

T 




ASSEMBLY 

222309 4-000! 

T 







fiWB 

BB23095-O00I 

B 

_L. 


g; : 


DIAGRAM 

£22309^-000! 

A_ 

R- 


FTTIF 



wmmmi 













K-E3 


^ 320 



J^Texas Instruments 


iMff l?UI :1 H 


‘■^GRAY MC CORD SHilA 

COMMUNICATIONS CARD 

MCC0RD5/iii<l 

RALPH CAPAN 


|Sinri*[ t 

Blbeseel'^ ~ 2223094 

1 



1 LM 


fmi 
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LIST OF MATERIALS 


PART NUMBFR RFV 

DFSCRIPTION 



-0001 r 

COMMUNICATION CARD ASSEMBLY 


ITFM. 

QUANTITY. 

CnMPnNFNT.. 

OFSCRIPTTON UM 

0002 

RFF 

2223096-0001 

DT AftnOTCf nFTATLFDfCnMMUNICATinMS CARD 

FA 

0010 

00001.000 

2220519-0001 

ICtUSART, SERIAL COMMUNICATIONS CONT 
1254- -000 

FA 

OOlOA 



U8 

1254- -000 


0019 

00001.000 

2210835-0003 

CRYSTAL OUAPTZi 4.9152 MHZ, HC181U ' 
SEE TI- owe 

FA 

0019A 



Y1 

SFF TI- DWG 


0020 

00002.000 

2210288-0006 

HEADER » 6-PlNS .600 L t SNG ROW, STRT-POST 
SFF TI- DRAWING 

FA 

0020A 



El-E6»F7-F12 
SEE TI- DRAWING 


0021 

00001.000 

22204fl0-0003 

C0NNFCT0R»RECFPTACLE,PCB»25-PTNS 
SEE TI- DRAWING 

FA 

0021 A 



J69 

SEE TI- DRAWING 


0022 

00002.000 

0532348-0401 

STUD, EXTENSTON-CRES 

EA 

0023 

00002.000 

0972446-0013 

RIVET,. 116 DIA 5/16 LG DOME HO ALUM 
-000 

FA 

0024 

REF 

0994396-9901 

PROCEDURE, SITE 6 DATE CODE SERIALIZATION 

FA 

0025 

00001.000 

2223033-0002 

PLATE, OPTION BOARD, WITH CUT OUT 
1678-3223-007 

FA 

0026 

00002.000 

0972487-0001 

JUMPER PLUG, CONNECTOR BLACK 
5935-0900-000 

FA 

0027 

00002.000 

0411100-0070 

LOCKWASHER #4 INTERNAL TOOTH CRFS 
OPL - MS35333-70 

FA 

0028 

AR 

0415804-0005 

SEALING COMPOUND, ANAFROBIC-BLUE GRADF C 

OT 

0030 

RFF 

2223274-0001 

SPECIFIC AT ION, UN IT TEST-COMMUNICATIONS 

FA 

0031 

AR 

0411435-0408 

TAPE, INSULATION, ELECT. 1/4 IN 
MMM - 56-1/4 

RL 

0999 

00001.000 

2223094-5001 

AUTO-INSERTFD PARTS LIST FOR -0001 
1254-3095-003 

FA 

9999 

00001.000 

0239999-9999 

COST, SHRINKAGE 

FA 
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6 


5 
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NOTES UNLESS OTHERWISE SPECFIED 

/. CABLE CLAMP SCREWS AUD RETAINER SCREWE 
INCLUDED fNITH ITEM E 

[F\ Pi DRAIN WIRE FOLDED UNDER CLAM SHELLS 
OP CABLE CLAMP ASSEMBLY. 

iTi PI DRAIN WIRE TO BE TERMINATED TO 

CABLE CLAMP SCREW BY SOLDER LU& 

ITEM 7 

r^i MARK PER I1EM^ \LIHE 4 TEKT : PAR ALLEL PRINTER 
i~^i MRRR PER ITEMS \ LINE 4 TEXT: PZ 


[Tl ITEM II TO BE TRAPPED AROUND CABLE AND SECURED 
UNDER CABLE CLAMP 


\ A I ChJSOZIOT (O') I fa-zfe-fe-i. I ^A 

I m LM-I DELE ITS 5^ ‘1^30-2. Q'S’Y 25 L2)LM-l DELI IT5 22\05D5-7 

I OTY fe.5 CS7LM-I ADD IT 101 WGEMERftTE LH>5Q01 

B I CN5Q370B ( ~ j IfA-baJJ ~ 

I rn GENERATE LM-2&-S002 C21 UPDATE LM-18,-5001 131 
I ADD NOTE fa (A1N0TE 4 WAS MK"PRL PRINT" PER PROCS I 
I (5) NOTE 5 WAB MK P/N £ REV LTR PER PROCS I (fc) DELE 
PRCS I 


i ss 


\ \ 


S ©0 



(i)^R£90 ® [5 

B 


3 ) as PLACES 

-500/ ONLY 


P/AJS 13 $ as 


2223104,-5002 

2223104,-0002 

2223104,-5001 

2223I04.-0001 

CABLE ASSY PARALLEL,PRiNTER, BULK/B50 
CABLE ASSEMBLY, PARALLEL, PRiNTER/850 
CABLE ASSY PAR ALLEL,PR1NTER. BULK 
CABLE A5SEMBLY.PARALLEL,PR»NTER 

PART NO 

DESCRIPTION 


SI-METRIC 



CABLE ASSEMBLY, 
PARALLEL, PRINTER 

■■IB B tCTjglg 

•6668 2223106 


scai^NONF 




PROC! 






11/24/82 

PART NUMBER REV 

2223106-0001 R 

DESCRIPTION... 

CARL!: ASSEMBLY , PAP ALLPL t PR I NTFR 


ITEM. 

QUANTITY. 

COMPONENT.. 

DESCRIPTION 

UM 

0001 

OOOOl .000 

2220401-0003 

CnNNECTOR,PLUGf 2SX»20 A WC, SPRING 

EA 

0002 

OOOOl .000 

2220380-0008 

CABLE CLAMP ASSY,. 400 IN. DIA. CABLE ACC 
SEE TI- DRAWING 

EA 

0006 

OOOOl .000 

0414127-0001 

CONNECTOR, PLUG-36 CONTACTS 

EA i 

0007 

00001.000 

2220955-0001 

SOLDER LUG, /?4 SCREW 
1254- -000 

EA 

0008 

OOOOl .000 

2223107-0001 

WIRE LIST PT TO PT PRL PTR CABLE ASSY 

EA 

0009 

REF 

2265070-0001 

SPEC, PRE-PRINTED CABLE MARKER 

EA 

0010 

OOOOl .000 

222079 7- 0001 

EERRULE, CABLE CLAMP, SPLIT RING ALUMINUM 
SEE TI- DRAWING 

FA 

0101 

00001.000 

2223106-5001 

BULK CABLE ASSY, PARALLEL, PRINTER 
1650- -000 

EA 


11/24/R7 

PART NUMBTR PFV 
2223106-0002 R 


nFSCRTPTICN... 

CARTE ASSY,PAR ALLEL »rRINTER/850 


ITEM. 

0001 

OOOIA 

0002 

0006 

0006A 

00C8 

0009 

0010 

0013 

0014 
0101 


COMPONENT.. DESCRIPTION MM 

2220767-0002 CONNECTOR , PLUG, 26 CONTACTS, 2 -ROW* 22-26AG EA 

SEE Tl- DRAWING 
P2 

SEE TI- DRAWING 

00001 .000 2220380-0008 CARLE CLAMP ASSY,. 400 IN. PI A. CARLE ACE EA 

SEE TI- DRAWING 

00001.000 2220674-0001 COMNECTOR ,RMD CA TO PANEI , PLUG, STL SHELL EA 

SEE TI- DWG 
PI 

SEE TI- DWG 

2223107-0001 WIRE LIST PT TO PT PRL PTR CABLE ASSY EA 

2265070-0001 SPEC, PRE-PRINTFD CARLE MARKER EA 

2220797-0001 EERRMLE,CABL E CLAMP, SPLIT RING ALUMINIUM EA 

SEE Tl- DRAWING 

0414127-0001 CONNECTOR, PLUG- 36 CONTACTS EA 

2220827-0003 C ONNECTOR, CO VER ,CAP ,0R HOOD EA 

SEE TI- DRAWING 

2223106-5002 BULK CARLE ASSY PARALLEL EA 

1620-8106-001 


QUANTITY. 

00001.000 


REF 

REF 

00001.000 
00000.000 
00001.000 
00001 .000 


H/24/82 

PART NUMBER REV 
2223106-5001 B 


DESCRIPTION. .. 

BULK CARLE A SSY, PAR ALLFL ,PR f NT ER 


QUANTITY. CriMPUNENT.. DE SCR TPTION ............ HM 

00025.000 0539430-0003 CONTACT, PIN 24-20AWG .068 TNSUl DTA EA 

AMP -205202-2 ST 

0C002.000 2210317-0001 LABEL , BL ANK , CABL E MARKER EA 

0R5480-SLPF- 193 19-4 

00006.500 2210505-0007 CABLE, SHIELDED, 25 CONDUCTORS ET 

SEE Tl- DRAWING 

00000.130 0972361-0003 TAPE, FOAM, VI NYL , SELE-ADH. 25THK .50WI0E RL 

012624-V548 


4-56 






LIST OF MATERIALS 


PART NUMBER REV 
,?223106-5002 B 


nrSCRiPTION 

BUl.K CABLE ASSY PARALLEL 


QUANTITY. CnMPONFNT. . DESCRIPTinN. 


00002.000 2210317-0001 LABEL, RLAr4K, CABLE BARKER 

085480-SLPF-1931O-^ 

00007.000 2210505-0007 C ABLE,SH I ELOEO, 25 CONnUCTOPS 

SEE TI- DRAWING 

00001.000 2211389-0001 LUG, RING TONGUE , 20- 16AWG 

SEE TI- DRAWING 

00000.130 0972361-0003 TAPE , FOAM, VI NYL , SFLF-ADM. 25THK .50WIDF 

012624-V548 


4-57 




THIS SPECIFICATION COVERS THE REQUIREMENTS FOR A MONITOR CABLE. 


2 . 0 APPJLICABLE DOCUMENTS : 

WHERE THIS SPECIFICATION REFERS TO ANOTHER DOCUMENT, THAT DOCUMENT 
IS OF THE ISSUE IN EFFECT ON THE DATE OF INVITATION TO BID OR 
REQUEST FOR PROPOSAL. REFERENCED DOCUMENT APPLY TO THE EXTENT 
SPECIFIED HEREIN. THIS SPECIFICATION GOVERNS WHEN A REFERENCED 
DOCUMENT CONFLICTS. 



SPECIFICATION CONTROL DRAWING 
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3.0 REQIREMENTS: 

3.1 PHYSICAL: SEE FIGURE 1 

3.1.1 CABLE MATERIAL: 

ONE CONDUCTOR #27 AWG CONSISTING OF 7 STRANDS OF #56 AWG 
BARE COPPER WIRE OR 7 STRANDS OF #35 BARE COPPER COVERED 
STEEL WIRE. SHELD CONSISTS OF 4 ENDS OF #36 AWG TINNED 
COPPER SPIRAL WRAPPED OR BRAIDED COPPER WIRE. INTERNAL 
INSULATION OF POLYETHYLENE WITH OUTER JACKET AND CONNECTOR 
MOLDING TO BE LIGHT TAN IN COLOR MATCHING TI COLOR NUMBER 
972939-2101. CABLE ASSEMBLY TO MEET THE REQUIREMENTS OF 
UL AND CSA. 

3.1.2 MARKINGS: 

PARTS OR WRAPPER SHALL BE MARKED WITH TEXAS INSTRUMENTS 
PART NUMBER . 

3.1.3 IMPEDANCE: 

CABLE IMPEDANCE SHALL BE 75 MOMIMAL. 

3.1.4 CONNECTORS: 

BOTH ENDS OF THE SHIELDED CABLE SHALL BE TERMINATED EITHER 
WITH VICTOR PC-103 PHONO PLUGS OR BELDEN STYLE PHG761 SHORT 
STRAIGHT HANDLE PHONO PLUGS. 



CABLE DIA. 3.81 NOM 


FIGURE 1 








4 . 0 QUAL ITY A SSUR ANCE PROVISIONS: 

4.1 RESPONSIBILITY FOR INSPECTION: 

UNLESS OTHERWISE SPECIFIED IN THE CONTRACT OR PURCHASE ORDER, 
THE SUPPLIER SHALL BE RESPONSIBLE FOR PERFORMING INSPECTIONS 
THAT ARE SUFFICIENT TO ASSURE THAT THE PARTS SUPPLIED MEET 
THE REQUIREMENTS SPECIFIED HEREIN. 


5 . 0 PRE:PARATI0N FOR DEL : 

5.1 PACKAGING: 

PACKING AND WRAPPING SHALL BE SUFFICIENT TO PROTECT AGAINST 
DAMAGE OR LOSS DURING SHIPMENT FROM THE SUPPLIER TO THE 
DESTINATION SPECIFIED IN THE PURCHASE ORDER. 

5.2 MARKING: 

THE SHIPPING CONTAINER SHALL BE MARKED WITH THE TI PART 
NUMBER (SEE PART NUMBER BLOCK) AND THE COUNT CONTAINED. 
ADDITIONAL MARKING ARE PERMITTED. 
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SUGGESTED SOURCE(S) OF SUPPLY: 

1. BELDEN CORPORATION 
P.O. BOX 1980 
RICHMOND, INDIANA 47374 

2. VICTOR ELECTRIC WIRE & CABLE CO. 
618 MAIN ST. 

WEST WARWICK, R. I. 02893 


TEXAS INSTRUMENTS 

MANUFACTURER’S PART NUMBERS 

PART NUMBER 

SOURCE 1 

SOURCE 2 

.. SOURCE 3 

2223105-0001 

IF-4310 

Te>9 



J Texas Instruments 


2223105 

S. Ti J INCORPORATED 

DIGITAL SYSTEMS DIVISION 
VJ HOUSTON. TEXAS 

A 

SHEET 4 


T 


REV 
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LIST OF MATERIALS 

n/24/82 

PART NUMBFP RFV DFSCRIPTIDN 

2207985-0001 C TFST PLUG, FIA, COMMUNICATinNS 

ITEM. QUANTITY. COMPONENT.. OESCR f PT ION UM 

0001 00001.000 0539903-0001 HOOO.CONN 25 PIN WITH RETAINERS EA 

AMP - 206478-3 

0002 00001.000 0539409-0005 cnNNEr.TnR,PlUG 25 PINS EA 

AMP -205208-1 

0002 A PI 

0003 00012.000 0539430-0003 CONTACT, PIN 24-20AWG .068 INSUL DIA FA 

AMP -205202-2 ST 

0004 00001.750 2210012-1999 HIRE, ELECT, HHT, 26 AWG,19 X 38,U/L 1429 FT 

090484-SEE T1 DWG 


-62 
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LIST OF MATERIALS 


PART NUMBFR RFV 
2223099-noOl B 


neSCRIPTION... 

PART NUMBFR NOT AN ASSEMBLY 


OUAMTITY. COMPONENT.. OESCRIPTION. 


00009.000 2211110-0004 ir,64K-BIT OYNAHTC RAM,150NS TA/ROW 

TMS4I 6-4-15NL 

00001.000 22117S2-0001 PLASTIC BAG, ANTI-STATIC 

SEE TI- ORAWIUr, 

AR 09709*)0-000-j URETHANF.SHFFT 

SEE TI- DRAWING 

00001.000 2223269-0001 CAUTION INSERT, RAM CHIP KIT 

RFF 0936660-0001 PFGASUS PACKAGING ASSY INOFX 


4-63 



11/24/02 


i-ioi wr iviMicniMLo 


PART NUMBER REV OESCRIPT ION. 

2230‘52n-0001 B KE YBOAROfTt LTI NG.LHW PROFILE 


ITFM, 

QUANTITY. 

CHMPONFNT.. 

OESCRIPTION... 


».. UM 

0001 

00001.000 

2230529-0001 

BASE, KEYBOARD 
1255-7500-001 


EA 

0002 

00001 .000 

2230536-0001 

HOUSING, SHAFT, RIGHT 
1255-7504-001 


EA 

0003 

00001.000 

2230534- 0001 

HOUSING, SHAFT^LEFT 
1255-7503-001 


FA 

0004 

00002.000 

2230532-0001 

SNA FT, CLUTCH SPRING 
1255-7502-001 


EA 

0005 

00001 .000 

2230546-0001 

SPRING, CLUTCH, RIGHT 


EA 

0006 

00001.000 

2230546-0002 

SPR ING,CLUTCH,LFFT 


• FA 

0007 

00001.000 

2230547-0002 

SPR ING, RETURN, RIGHT 


FA 

0008 

00001 .000 

2230547-0001 

SPR ING, RETURN, LEFT 


FA 

0009 

00001.000 

2230540-0001 

FOOT, TILT ADJUSTMENT 
1255-7506-001 


FA 

0010 

00001 .000 

2230527-0001 

KEYBOARD, LOW PROFILE 


FA 

0011 

00001.000 

2230530-0001 

CnVFR, KEYBOARD 
1255-7501-001 


EA 

0012 

00002.000 

2230538-0001 

BUTTON, RFLFASE 
1255-7505-001 


FA 

0013 

00002.000 

2230554-0001 

BP ACKET , SPR I NG, BUTTON 
— ^-000 


FA 

0014 

00002.000 

2230552-0001 

CL IP, CLUTCH 
—000 


FA 

0015 

00001 .000 

2230549-0001 

CABLE ASSY, KEYBOARD 


FA 

0016 

OOOOl .000 

2230553-0001 

LAB EL, SERI At MO 
1665-1553-000 


EA 

0017 

00002.000 

0972679-0029 

SCREW 


FA 

0018 

00012.000 

0972679-0012 

SCREW n 6-19 X 3/8 SLOTTFO HEX 

FA 

oon 

00002.000 

0972679-0015 

SCREW #6-19 X 3/4 THD 

SLOTTED HFX 

FA 

0020 

00002.000 

2230555-0007 

RING, RETAINING 


FA 

0021 

00001.000 

0996943-0001 

LABEL, SELF-DESTRUCT, 
1652-1274-000 

.656 X .25 

EA 

0022 

00002 .000 

2230556-0001 

PAD, NONSKID, P/T 


FA 
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Section 5 

SCHEMATICS AND LOGIC DRAWINGS 

This section contains schematic and logic drawings applicable to the 
Texas Instruments Professional Computer. 


TITLE 

TI DRAWING 

PAGE 

Motherboard/ Logic 

2223005 , 

5-3 

Logic/ Alphanumeric CRT Controller 

2223011 

5-8 

Logic/ Option RAM 

2223017 

5-11 

Logic Graphics Video Board 

2223063 

5-14 

Logic/ Communications Board 

2223096 

5-18 


Drawings not available in time for printing: 

Log i Cl Joystick 2223087* 

Log i c> Paral 1 e 1 Test Plug 2223278* 
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Glossary 


GL OSSA RY 


abort — ' To end a program and return control to the operating 
sy stem> usually when a mistake or malfunction occurs. 

acknowledge character ( ACK) — A transmission contro 1 
character sent by a receiver as an affirmative response to 
a sender. 

address — A number that represents a register^ a memory 
location! or some other data source or destination. 

anal og — - An object ( or variable) that is represented by a 
physical quantity , such as a continuously vary in g vo 1 tag e . 
The physical quantity that represents the variable behaves 
as some function of the variable. (Contrast with dig i tal ) . 

AND — A binary function which is "on" if and only if all of 
its inputs are "on ". 

arithmetic and logic uni t — The part of a c omputer that does 
ar i thmetic , log ic< and simi lar operati ons. 

array — An arrangement of elements ( sue h as numbers ) usual 1 y 
related in some fashion. 

ASCII — (American Standard Code for Information 

Interchange)/ an eight-level (7 bits + parity) code 
consisting of control and grap hie characters. 

asynchronous transmi ssion — Transmission in which in formation 
characters arrive at irregular intervals of time (usually 
bracketed by start elements and stop elements). (Contrast 
with synchronous transmiss ion ) . 

audio frequencies ™ Frequencies which can be heard by the 
human ear (usually between 15 cycles and 20 000 cycles per 
second ) . 

auto-cal 1 — - A feature that allows a termina 1 to in itiate a 
call automatically over a switched (telephone) line. 
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Olos sary 


backup copy — A copy of a file that is kept for reference in 
case the original file is destroyed. 

BASIC (Beginner's All-Purpose Symbolic Xnstr ucti on Code ) — a 
hi Qher-level language, similar in structure to FORTRAN but 
someuh at easier to learn because of a smaller command 
repeto ire and simpler syntax. BASIC u/as invented a t 
Dartmouth College in 1963 and is probab ly the rnost popular 
language for personal computers. 

batch processing — a technique of data processing in which 
jobs are collected and grouped before processing. Data 
thus are normally processed in a deferred mode. 

baud . baud rate — a measure of data transfer rate, equal to 
the number of discrete conditi ons or signal events per 
second. (See bits per second). 

binary digit (bit) — the smallest unit of information in the 
binary system of notation. 

b it — the abbreviation for binary digit. In the binary 
notation, a bit is either of the characters 0 or 1 . 

bit transfer rate the number of bits transferred per unit 

time, usually expressed in bits per second (bps). 

bootstrap (to ''boot*') — to get a system running from a 
CO Idstart in a manner like "pulling oneself off the ground 
by tugging on ones bootstraps" . 

branch — in programming . to make a selec t ion from among 
alternative choices of ins true tions. 

break — a 1 ong space on an asynchronous communications line 
that is intended to alert the receiving CPU. Minimum 
duration is one character' time. 

buffer — ■ a device or area of memory which is used to hold 
someth ing temporarily . For example. the screen buffer 
contains graphic information to be displayed on the video 
screen. 

buffering ■ — (Disk Control) Storing data between transfer 
operations. Data read from disk is buffered before 
transfer to system memory and data to be written is 
buffered after transfer from system memory . 

byte — a binary element string of 8 bits. usually operated 
upon as a unit. 

carrier — a continuous frequency capable of being modulated 
or impressed with a signal. 
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Glossary 


CCITT — (Comite Consultatif Internationale de Teiegraphie et 
Telephonie). an international consultative committee u^hich 
sets communications standards. The CCITT V24 interface 
standard is similar to the EIA R5-232~C standard. 

COBOL — (COmmon Business-Oriented Language)- a programming 
language designed for business data applications 

code — a system of symbols (bits) for representing data 
(characters). 

compile - — to translate a computer program expressed in a 
human-oriented language into a computer-oriented language. 

control character — (1) A charcter uhose occurrence in a 
particular context controls the handling of data. (2) In 
the ASCII code, any of the 32 characters in the first two 
columns of the standard code table. 

CPS — characters per second. 

CPU (Central Processing Unit) — unit of a computer that 
includes circuits controlling the interpretation and 
execution of instructi ons. 

crosstalk — the undesired transfer of energy from one 
circuit to another. 

cursor — a movable spot of light on the screen of a display 
device, usually indicating where the next character will be 
entered. 

cyclic redundancy check (CRC) — a method of error detection 
which matches CRC Characters generated by transmitting and 
receiving devices based on the content of the message at 
that location. 

(Disk Control) - Comparison of the checksum derived from 
data as it was originally written into disk storage with 
the checksum derived from the same data as it is being read 
out of storage. The first checksum is appended to the data 
as it is written to the disk. After reading this data, the 
controller computes a new checksum from it and compares the 
two. If the checksums match. the data is correct. A 
checksum error may indicate a damaged area on the disk, 
data that has changed since it was written, or erroneous 
reading of correct data where a retry may work. 

cylinder — in a disk pack, the set of all tracks with the 
same nominal distance from the axis about which the disk 
pack rotates. These tracks can be accessed without 
repositioning the access mechanism. 

data— a general term for any type of information. 
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data communications — the movement of computer -encoded 

information by means of communications transmission 
systems. 

debug — to find and delete mistakes in computer programs or 
in other software. 

default value ' — the value chosen au tomatica 1 ly by the 
computer when no explicit choice is made by the user. 

delimiter — a character that separates and organizes 
elements of data. 

diagnostic — pertaining to the detection of a maif uncH on. 

digital • — the represen tati on of numerical quantities by 
means of discrete integer numbers . It is possible to 
express in digital form all information stored# transferred 
or processed by a dual-state condition; e. g. # ON/OFF# 
OPEN/CLOSED, or TRUE/FALSE. (Contrast with analog ). 

direct memory access (DMA) — direct data transfer between an 
I/O peripheral and memory# without computer interventi on. 
(Disk Control ) - The technique generally used to transfer 
blocks of data between a periphera 1 and rand om-.access 
memory. It is cal 1 ed direct because the host does not 
handle the data during the transfer operation. 

directory — a logically organized data structure which holds 
pointers to access data sets by sequential number or name. 

disp lay — a visual presentation of information. 

doub le-preci sion -- using two computer words instead of one 
to represent a number. 

downtime — the time interva 1 during which a computer is 
inoperable due to a fault. 

EIA (Electronic industries Association) — The EIA Standar d 
RS-232-C defines interconnecti on interfaces for terminals. 

emulate — to imitate one system with another such that the 
imitat ing system accepts the same data and achieves the 
same results as the imitated system. 

EOF( end-of-f i le mark ) — a code which signifies that the last 
record of a file has been read. 

equa 1 iza t ion — comp ensation for the loss of signal in a 
line. 

FCC — Federal Communications Commission — ■ a b oard of 
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commissioners having the power to regulate all interstate 
and foreign electrical communication systems originating in 
the United States. 

field — an area in a record (see record ) treated as a unit. 

FIFO — First-In First-Out memory buffer. 

file — a group of related records handled as a unit. 

firmware — memory chips with software programs already built 
in. 

flag ™ a character that signals the occurrence of some 
condition, such as the end of a word. 

foreground processing — high-priority processing. usually 
resulting from real-time entries, given precedence by means 
of interrupts, over lower priority "background" processing. 

formatting; (Disk Control ) The d ivision of tracks into 
sectors to make it easier to retrieve and update data. In 
each sector. the block of data is preceded by an 
identifying header. Gaps are inserted between sectors and 
between the header and data blocks within each sector to 
allow time for control logic functions and speed 
fluctuations in the disk drive assembly. 

FSK( frequency-sh ift keying ) — a means of transmitt ing data 
in which a "1" is represented as one frequency and a "0" as 
another frequency. 

0 — giga. when referring to computer memory it represents 1 

073 741 824. Otherwise it is 1.000,000.000. 

global — in programming, it is something that is defined in 
one section of a program and used in at least one other 
section. 

graphics — symbols normally produced by handwriting, 
drawing, or printing. Synonymous with graphic symbol. 

graphic character — a character. other than a control 
character, that is normally represented by a graphic. 

half duplex channel — a communications line capable of 
transmitting in both directions, but not at the same time. 

hardware — physical equipment. as opposed to a computer 
program or method of use. e. g. . mechanical, electrical, 
magnetic, or electronic devices. 

hertz — a unit of frequency equal to one cycle per second. 
Abbreviated Hz. 
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hexadecimal — - pertaining to a selection, choice. or 

condition that has sixteen possible values or states. 
These values or states usually contain 10 digits and 6 
letters A through F. Hexadecimal digits are equivalent to 
a power of 16. 

host computer (Also just "host") — ■ the primary or 

controlling computer to which the terminal is connected by 
cable for communications. 

identification characters — characters sent by a station on 
a switched line to identify the station. 

input/output (I/O) — something that can be in an input or 
output process, ei ther simultaneously or seperatel y. 

instruction — - in a programming language# a meaningful 
expression that tells the computer to execute a specific 
task. 

instruct ion set — the set of the instruction of a computer 
or language. 

integrated c ircu it — a combination of interconnected c ircui t 
elements inseparably associated on or within a continuous 
substrate. 

integrated modem — a modem that is an i nteg ral part of the 
device with wh ich it operates. 

inte 1 lig ent terminal — a synonym for a terminal that is 
programmable and can do some processing operations. 

interface — interconnec tion between two pieces of equipment 
having different functions. 

interpreter — a computer program that interprets programming 
languages. Synonymous with interpretive program. 

interrupt — the temporary stopping of some phase of computer 
operation caused by an event external to the operation. 

job — a task submitted for a computer to do. it usually 
contains all necessary instructions# files# and data to 
complete the task. 

joystick — a stick that is hand-held by the user and usually 
is used to position something on the screen. 

K — an abbreviation for the prefix kilo# i. e. # 1000 in 

decimal notation. In storage capacity# K frequently means 
two to the tenth power which is 1024 in decimal notation. 

Kb — Ki loby te. 
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KHz — Kilohertz. a unit of frequency equal to 1000 hertz. 

LED (Light Emitting Diode) — a small solid-state device 
which emits light when a current is applied. 

library — a group of related files. 

light pen — in computer graphics, a pen-like device that can 
sense light. When it is held up to a CRT it can be used to 
identify display elements. 

line, communications — describes cables. telephone lines, 
etc., over which data is transmitted to. and received from, 
the terminal. Also referred to as the "line"). 

list — to print or display data. 

listing — a printout, usually of a program. 

load — to enter data into memory or into registers. 

machine language — a language that is used as is by a 
machine. 

magnetic disk — a flat circular plate with a magnetizable 
surface layer on which data can be stored by magnetic 
recording. The disk may be rigid or flexible. 

mass storage — storage having a very large storage capacity. 

message — in data communications, an amount of information 
that contains a predefined beginning and end. 

modem — (contraction of irfodula tor/ dem odulator ) . a device 
which modulates and demodulates signals transmitted over 
commun icat i onb s facilities. The modulator is included for 
transmission and the demodulator for reception. A modem is 
used to permit digital signals to be sent over analog 
lines. Also called a data set . 

modulation — the process by which some characteristic of one 
wave is varied in accordance with another wave or signal. 
This technique is used in modems to make computer signals 
compatible with communications facilities. 

mnemonic -- symbol or symbols used instead of terminology 
more difficult to remember. Usually a mnemonic has two or 
three letters. 

multiplexing — using a transmission line to carry several 
different signals at one time. 

NAND — a logic operator. The NAND of any two statements P 
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and Q is false if and only if both P and Q are true. 

nanosecond — one-thousand-millionth of a second . 

noise — undesirable disturbances in a communications system. 
Noise can generate errors in transmission. 

non-impact printers — a printer in which printing is not the 
result of mechanical impacts, e. g. thermal printers. 

object code — output from a compiler or assembler which is 
itself executable machine code or is suitable for 
processing to produce executable machine code. 

offline (local) — describes the state when equipment or 
devices are not connected to the communications 1 ine. 

online — describes the state when equipment or devices are 
connec ted to the communications lines under control of a 
processor either directly or through a communication 
system. The physical c onnection can be accomplished by 
either multiwire cable or a commun icat ions line. 

open — to prepare a file for processing, e. g. editing. 

operating system — ■ software that contro 1 s the execution of 
computer programs and that may provide scheduling, 
debugg ing. inp ut and output control. account ing. storage 
assignment. data management. and related service. 
Sometimes cal 1 ed Supervisor. Executive. Monitor. Master 
Contro 1 Program depend ing on the computer manufacturer. 

para 1 lei transmi ssion — method of data transfer in which all 
bits of a character or byte are transmitted simultaneously 
either over separate communications lines or on different 
carrier frequencies on the same communication line. 

parameter — a variable that is given a constant value for a 
specific purpose or process. 

parity check ™ add i tion of non-inf ormation bits to data, 
making the number of ones in each grouping of bits either 
always odd for odd parity or always even for even parity. 

A transmission error can then be detected by chec k ing each 
group of b its rece ived for correct par i ty. 

password — a word or string of characters that is 

recognizable by automatic means and that permits a user 
access to protected storage. files. or input or output 
devices. 

program — a series of instructions written to solve a 
problem. Also. to design. write. and test computer 

programs. 
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protocol — a formal set of conventions or rules governing 
the format* timing, and error control to facilitate message 
exchange between two communicating processes. 

protected field — a field into which the operator cannot 
enter data. 

queue — a line formed by items in a system waiting to be 
processed. 

RAM — random-access memory. 

read — to get data from a storage device. 

record — a collection of fields; the information relating to 
one area o^ activity in a data processing activity* e. g. * 
all information on one inventory item. Sometimes called 
item. 

relational character — a character that expresses a 

relationship between two operands. Common relational 
operators are > (greater than)* < (less than)* and = (equal 
to). 

retry • — (Disk Control) Repetition of search or read/write 
operations to recover from "soft" (correctable ) errors. 

ROM — Read-only memory. 

run ' — to process a task* e. g. a program* through a 

computer. 

scratch file — a file where temporary calculations and work 
is done. 

scrolling — - the continuous vert ical or hor i zontal movement 
of data across the screen face. 

search — (Disk Control) Reading headers on the track passing 
under a read/write head so as to locate the desired sector. 
The controller compares each identification (ID) read from 
the track with the ID of the desired sector. 

sector — part of a track or band on a magnetic disk. 

seek — (Disk Control) Moving a set of read/write heads so 
that one of them is over the desired track. 

serial transmission — a method of transmission in which each 
bit of information is sent sequentially on a single channel 
rather than simultaneously as in parallel transmission. 

simplex circuit — synonym for one-way circuit. 
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slave station — a data station that is under the control of 
a master station. 

software — a set of computer programs/ procedures/ rules and 
associated documentation concerned with the operation of 
network computers/ e. g, » compilers/ monitors; editors/ 
utility programs. (Compare: hard ware ) . 

space — usually equivalent to a binary zero condition. 

switched network -- a communications system where the 
phys ical path of the messages may be different with each 
use/ such as the public telephone network. 

synchronous transmission — ■ transmission in which the data 
characters and bits are transmitted at a fixed rate with 
the transmitter and receiver synchronized. 

' \ 

syntax — the format* or rules* in which instructions must be 
presented to the data processing equipment. 

terminal — a device or computer which may be connected to a 
local or remote host system* and for which the host system 
provides computational and data access services. 

text — a sequence of characters forming part of a 
transmission which is sent from the data source to the data 
sink* and contains the information to be conveyed. 

track that portion of a moving data medium which is 
accessible to a given read ing head position. 

trap — a jump to a specific location caused by a hardware 
condition. 

turnaround time — in communications the time required for a 
device to switch from receiving to sending on a two-way 
alternate circuit. Time is required by line propogation 
effects* modem timing and computer reaction. 

TWX - — teletypewriter exchange service. 

video — computer data shown or displayed on a cathode ray 
tube monitor or display. 

write — ■ to record data on some storage device. 
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RECALIBRATE DRIVE command 
recovering data 
refresh: 

cycle .... 
logic 

logic, expansion memory 
timer .... 
refreshing. 


3-69 
3-66 
2-20 
1-4, 2-37 

3-24 
3-56 
3-60 
3-67 
3-65 
3-46 
3-67 

3-2 

2-21 

3-2 

3-2 

2-58 
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register assignments . . . . . 

register, controller status 
remote digital loopback . . . . 

request controller error sense. 

REQUEST SENSE STATUS command 
reset : 

detectioncircuit 
line. . . 

port, f ....... 

r e s o 1 u t i 6 n . 

reverse ........ 

reverse video and cursor . . . . 

rever se-rvideo ... 

RFSH 1 ' 

ROM 

ROM interface, system . . . . 

■S 

scan rate ........ 

screen display. ...... 

screen/CPU. arbitration. . . . . 

'.scrolling ......... 

sector buffer . . . . . . 

sector field description . . , . 

sector interleaving . . . . . 

SEEK command . . . . . . ...... 

send Winchester controller command,* \.Vv/* 
sense, controller error' . . ’■ \ = .'\ *; 

separator . 

serial communicat ions . . . . ' 

ser ial/parallel data conversion . 
sof t war e : 

commands ........ 

t imeou t s . 

space received, long . . . . . 

speaker . . . . . . , . 

speaker amplifier . . . . * ^ 

starting screen display . . . . 

state ma chine. . . . . , 

state machine, expansion memory contro 
static protection . • .. 

status lines . . . . . V . 

s ta tus regi s ter . . . . x ^ . 

switch generation, CAS and address HUX. 
system ROM interface . . . . . 

system timers and speaker . . . . 

T 


terminating resistor 
terminal or software time-outs. 
TEST DRIVE READY . . . 

TEST DRIVE READY command 


3-39 

3-40 

3 - 23 

4 - 72 
3-46 


2-12 

2 - 58 

3 - 40 
2-41 
2-42 
2-55 
2-43 
2-59 
2-53 

4 - 2 


2-43 , 


2-41 

2-44 

2-47 

2 - 44 
2-26 

3 - 70 
3-38 

3 - 57 

4 - 72 
4-72 
2-30 
4-3 
2-26 


3-24 

3-22 

3 - 22 

4 - 3 
2-18 
2-44 

2 - 23 

3 - 4 
2-31 

2 - 43 

3 - 40 

3 - 2 

4 - 2 
4-3 


2 - 31 

3 - 22 
3-69 
3-45 
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testing, command ...... 

t imer , abor t ...... . 

t imers . . . . . . . . . 

time-outs, modem . . . . . . 

time-outs, terminal or software 

U 

underline ........ 

V 

I 

ver t i cal : 

blanking. . . . . . . 

scan rate . • 

synchroni zing signal, 
video: 

connec tor . . . . . 

memory . ....... 

W 

WAIT- . . . . .... 

Winchester controller: 

command . . . . . . . 

data ........ 

disable data and status interrupt 
enable data and s t at us in t err up f . 
enable status interrupt . . . . 

get and compare data 

getstatus . . . . . . . 

poll for request . . I' 

write data ....... 

Wi nches ter : 

disk system ...... 

drive forma t . . . . . . 

error codes . , . . 

I /O por t s . . 

ROM . . . . . . . . 

wrap . . . . . . 

WRITE command . , . 

Write data to the Winchester controller 
WRITE LONG command. .... 
write pr econpensa t i on circuit . , 

WRITE SECTOR BUFFER cdmmahd . ' . - . 


3-36 

3-22 

. 2 - 18 , 4-3 

3-22 
3-22 


2 - 4.2 , ;^ 2-43 , 2-55 


2-44', ' '2-S6 

, . ' 2-41 

: %■ 

: ^ 2-44 

2-44 

2-42 


2 - 58 

4-7 2 
4-72 
4- 75 
4-74 
4-74 
4-74 
4-73 
4-75 
4-73 

4-77 

3 - 46 

3 - 39 

4 - 71 
2 - 4 3 

3 - 5 6 

4 - 73 
3-68 

2 - 30 

3 - 6 ^ 
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